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OBITUARY NOTICE. 

THOMAS BARLOW WOOD (1869-1929). 


Thomas Barlow Wood, Professor of Agriculture in the University of 
Cambridge, was born the son of a farmer in 1869 at Field Balling, Holt, 
Norfolk: he was educated at the Newcastle High School, Staffordshire and at 
Caius College, Cambridge, where he took chemistry as his main subject. 
University Extension work was then very much to the fore and, like other 
promising graduates of the time, he thought of it as a good start for a career. 
After taking the Tripos he accordingly attended in July, 1891, the newly 
established short course in agricultural chemistry held by Henry Robinson, 
assistant to Prof. Liveing, the first instruction in agricultural science ever given 
in Cambridge. 

He was then sent to Devon by the University Extension Syndicate to 
lecture on Soils and Manures, but he left at the end of the year to return in 
January 1892 to Norfolk, where he occupied substantially the position of a 
modern county organiser. He taught science in the County School during the 
week, taught elementary teachers on Saturdays, lectured to farmers at the 
various country towns during winter, and conducted field experiments for the 
Norfolk Chamber of Agriculture during the rest of his time. It was a hard 
apprenticeship, but it gave him a knowledge of farming and an insight into the 
farmer’s character which stood him in good stead throughout his life. Two 
years he remained here: then in January 1894 he returned to Cambridge at the 
request of Prof. Liveing to take the place of Robinson who had recently died. 
Agricultural chemistry was just gaining recognition and it is greatly to Liveing’s 
credit that he was one of the first to see its importance. Wood’s duties included 
lectures and demonstrations to students and field demonstrations to farmers; 
he also found time for research work on Indian hemp and cannabinol, done in 
part with the ill-fated Spivey who was burnt to death through the breaking 
of a flask containing carbon disulphide. But the funds were precarious and the 
whole scheme might have collapsed had not Marshall Ward and Austin Keen, 
Education Secretary of the Cambridge County Council, vigorously supported 
it. Ten neighbouring counties were induced to contribute, but at a price. Wood 
had to conduct experiments in all of them and his life was a strenuous round of 
lecturing and demonstrating in the mornings, visits to farms in the afternoons 
—often prolonged so that he returned too late for Hall—and then close atten¬ 
tion to correspondence in the evenings. He bore the burden cheerfully, and 
recognition came in the form of ipore funds: finally in 1899 the Drapers’ 
Company endowed the Chair of Agriculture. 

It was a disappointment to Wood that he was not elected Professor but 
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was given only a Lectureship. The idea was then held that a Professor of 
Agriculture should not be a trained scientific investigator but a technical man, 
and both the first and second holders of the Chair were chosen on these grounds. 
Wood, however, gave them ungrudging and loyal support throughout the 
seven years of their tenure of office; he never let his personal feelings 
count. In 1907, the Chair being again vacant, Wood was appointed Professor 
and from that time both he and the School of Agriculture developed at an 
amazing rate. The beautiful and effective building was completed (the 
scheme had been well started by T. H. Middleton), a second Professorship and 
several Lectureships and Readerships were set up, the farm was put on a sound 
basis, and the educational arrangements were completely overhauled and very 
much strengthened. Holidays snatched from work were spent on his father’s 
farm at Holt, which he afterwards took over and ran himself. Close contact 
was kept with farmers and recognised agricultural organisations. All the time, 
year in and year out, amidst all this strenuous labour, there w T as kept going in 
an atmosphere of peace and quietness a steady development of research work, 
beginning in a small way, but growing constantly until now the Cambridge 
School is one of the great centres of agricultural research in the world. 

The work had developed gradually but continuously, and Wood took on 
first one and then another activity till finally the load was more than any one 
man could bear. There were some uncomfortable warnings, and his friends had 
been anxious about his health for several years past, but he continued bravely 
with his work till a few months before he died. 

Wood has two great claims to be remembered. 

As a teacher he w 7 as admirable, stimulating and vigorous, especially in 
conversation with his pupils. He had a quick and sympathetic eye for a student’s 
difficulty, a ready flow of racy English—for much of which he was indebted, 
as he once told me, to the classical master at school with whom he read Horace 
—and an abounding kindliness and genial hospitality. His colleagues and 
students all knew they could count upon his help whenever it was needed. 
His students are now found all over the world occupying some of the most 
important positions in agriculture. 

As a research worker he began with soils and crop production, the natural 
way into the subject, but soon turned over to animal nutrition, always an 
important matter to the Norfolk farmer, who spends large sums of money in 
‘ growing and buying food-stufis for the farm animals. His first important papers 
were on the composition of the mangold crops and on the causes of the strength 
of wheat, which opened the way to much subsequent work on gluten. When 
after the war he settled down to work in the new buildings he organised in¬ 
vestigations on the digestibility of various crops, including oat and tare silage 
and grass (this latter being studied by H. E. Woodman), and he encouraged 
Capstick to build the calorimeter by use of which he carried out important 
studies of the energy changes in the growing pig. Finally, in 1928, he sum¬ 
marised his long experience in a paper that bids fair to become classical: “The 
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scientific basis of rationing animals 1 . ’’ Starting with the equation he had already 
established: 

R = Am + gc 

where R is the ration per unit time in terms of net energy 2 , either calories or 
lb. of starch equivalent: 

A = surface area of the animal: 

m = maintenance requirement per square metre per unit time: 
g = live weight increase in lb. per unit time: 

c = calories or lb. of starch equivalent required to give 1 lb. increase in 
live weight: 

he showed how this could be used for the rationing of fatting sheep and the 
production of milk. He had long tried, but without success, to apply it to the 
production of work: unhappily he was never to finish this problem: the diffi¬ 
culty is to measure the quantity of movement of the animal. 

These lines of research were vigorously taken up by an enthusiastic band 
of workers who it is hoped will continue to develop the subject. Just as the 
School of Agriculture is the most fitting visible memorial to Wood, so the 
tradition he created of research in animal nutrition seems likely to remain as 
his most enduring scientific memorial. 

E. J. Russell. 


1 J. Agric. Sci . (1928), 18, 486, jointly with J. W. Capstick. 

a Not energy is the energy an animal can uso for physiological purposes, i.e. the energy left 
after deducting whatever is necessary for the digestion of the food. 
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I. THE SELECTIVE FERMENTATION OF 
GLUCOSE AND FRUCTOSE BY 
BREWER’S YEAST. 

By H. IVEKOVICH. 

From the Institute of Hygiene and School of Public Health , Zagreb , Yugoslavia. 
(.Received November 26th, 1929.) 

Hopkins [1928] has published a paper concerning the selective fermentation 
of a mixture containing equal quantities of glucose and fructose. This paper 
gives valuable information on the fermentation phenomena of solutions con¬ 
taining those two sugars. In the present note we shall deal only with that part 
of this interesting paper, which treats of the ratio of the fermentation rates of 
the two sugars present. 

The ratio of the two specific rates was calculated by Hopkins by means 
of the formula: 

k 9 __ \}t\&a g l(a 0 -x g ) _ In a ff - In ja a ~x g ) __ g 
k f ~~ 1/Un %/(»/ - x f ) ~~ In a f - In ( a, - x f ) 9 

where a g is the initial concentration of glucose, a f the initial concentration 
of fructose, ( a g — x g ) the concentration of glucose at time t, (a f — x f ) the 
concentration of fructose at time t. 

' The constant K which, as it appears from this formula, is the quotient of 
k g and k fy i.e. of the constants of the fermentation reactions of glucose and 
fructose, assuming that they are monomolecular reactions, varies from 1*68 to 
1*88, its mean value being 1*78. The value of this constant does not appear to 
vary much beyond the limits of experimental errors. 

It is interesting to note that we have found the same value for this constant 
by an entirely different way, which we described in a paper [1927] which 
has escaped the attention of Hopkins. Studying the influence of animal 
charcoal on fermentation by yeast and the application of charcoal in the 
polarimetric analysis of fermented solutions of sugars we observed the fact that 
the (negative) rotation of a solution containing equal quantities of glucose and 
fructose increases up to a maximum, and decreases continually beyond that 
maximum. 

This maximum of laevo-rotation is a very important point, as it throws some 
light upon the ratio of the disappearance rates of the two sugars from the solu¬ 
tion. At the moment of the maximum rotation the ratio of the fermentation 
rates of the two sugars is given by the ratio of their specific rotations, i.e . by 
the quotient 93*0/52*5 = 1*78. 
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For each 1*78 mol. of glucose, 1 mol. of fructose disappears. In fact, if 
the glucose fermented at a faster rate than is given by this ratio, the rotation 
could not decrease after that moment of maximum; if, on the other hand, it 
fermented at a slower rate, it could not possibly increase before that moment, 
as the observed rotation is but the sum of the negative and positive rotations 
of the fructose and the glucose respectively in the solution. 

In the paper quoted we stressed the fact that the ratio of the disappearing 
sugars in the solution was 1 : 1-78, i.e. this figure gives the ratio of fermentation 
rates of sugars at the moment at which the curve reaches its maximum. The 
fact that this figure coincides to the second decimal with Hopkins’s mean value 
of the constant K must be regarded as accidental. 

The constants Jc 0 and k f of the fermentation reactions are the quotients of 
the reaction rates and the quantity of substance left in the solution at the time 
t. The constant K is in consequence 


K = k f = cJ j h = 1-78, 

where c Q and c f are the fermentation rates of glucose and fructose respectively, 
and q g and q 1 the respective quantities of glucose and fructose left in the 
solution at the time t. 

If q g — q fy i.e. if we have a solution of equal cjuantities of glucose and 
fructose, K will be 


A'= '-1-78, 

i.e. glucose will ferment 1*78 times faster than fructose. 

By means of this formula, the ratio of the fermentation rates of glucose 
and fructose may be calculated for any concentration of the two sugars. The 
figure 1*78, which we found as quotient of the specific deviations of fructose 
and glucose, is but the extreme case of Hopkins’s general formulation. 

For a solution containing glucose and fructose in proportion of L78 : 1 the 
ratio of the rates of fermentation, all other things being equal, will be 3*1: 1, 


as c yi = 1*78, where c f —l. 

Cf/\ f 

Of course, this is true only for the conditions *under which Hopkins’s 
equation K = ^ = 1*78 also holds. 
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II. THE CHEMICAL INVESTIGATION 
OF “BIOS.” 

PART I. 

By BINDIGANAVALE TIRUMALACHAR NARAYANAN. 

From the Department of Physiology and Biochemistry, 

University College, London . 

(Received November 27th, 1929.) 

Introduction. 

Few scientific papers have given rise to more controversy than that in which 
Wildiers [1901] described “bios.” After nearly thirty years of investigation, 
a review of the literature provides little or no satisfactory evidence of the 
essential nature of “bios” and only a series of widely conflicting statements 
regarding its chemical nature and properties. 

Quite recently, Miss Copping [1929] has carried out in these laboratories 
a re-investigation of the fundamentally important question whether or not 
“bios ” is necessary for the growth of yeasts in artificial sugar-salt media andhas 
confirmed the observation that yeasts differ in this respect. Some species are 
able to reproduce indefinitely in artificial media, whilst others aTe unable to 
grow unless a factor resembling that originally described by Wildiers is 
supplied. Saccharomyces cerevisiae, the yeast most frequently employed in 
investigations on “bios,” is definitely in the second class. 

It next became of interest to re-examine the chemical nature of this sub¬ 
stance, particularly in view of the claims that have been made regarding its 
isolation. The investigation reported in this paper concerns two main points, 
namely, the relation, if any, between “bios” and vitamin B, and the actual 
chemical nature of “bios” itself. 

With regard to the first question, it will be recalled that Funk and Dubin 
[1921] were the first to suggest that the substance stimulating the growth of 
»yeast also played an important part in the nutrition of animals. For a time 
active discussion took place over the possible identity of “ bios ” with vitamin B 
[see review of literature by Kruse and McCollum, 1929], with the result that 
they were finally regarded as distinct. The discussion has been revived, how¬ 
ever, quite recently in the light of the discovery that the so-called vitamin B is 
a complex of at least two substances, of which one bears a superficial resem¬ 
blance to “bios” in being stable to heat and alkali. 

Regarding the nature and properties of “bios,” there is, in the first place, 
the original description by Wildiers, who stated that it is an organic substance, 
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soluble in water and 80 % alcohol, stable to heat and acid, not precipitated by 
neutral or basic lead acetate, phosphotungstic acid, phosphomolybdic acid, or 
by silver nitrate in acid solution or in the presence of ammonia. Most of these 
statements were supported by Devloo [1906], who added the view that the 
active substance is related to choline and possibly associated with choline in 
nature. 

Both Wildiers [1901] and Funk and Dubin [1920] tested a series of purines 
and pyrimidines, but failed to find that any of them would replace “bios.” 
The work of Frankel and Schwarz [1920] and of Suzuki et ah [1923, 1925] 
tended to strengthen both the growing opinion that “bios” was a nitrogenous 
base, and the view that it is related to choline, although Frankel and Scharf 
[1921] actually found that choline itself inhibits yeast growth. 

On more than one occasion the study of the chemical nature of “bios” has 
been complicated by the suggestion that it is not a single substance [Fulmer, 
Duecker and Nelson, 1924]; a view which recently seemed to be established 
by the reported isolation of the constituents of “bios” by Miller [1924], of 
which one appears to have been identified as inositol [Eastcott, 1928]. 

One difficulty in accepting the idea of a complex “bios” was to reconcile 
it with the alleged activity of a single substance isolated by Eddy, Kerr and 
Williams [1924, 1926]. 

The “bios” of this group of investigators was described as a crystalline 
nitrogenous base, m.p. 223°, not showing the reactions of a primary amine, 
not precipitated by phosphotungstic acid [cf. Williams et ah , 1927], but 
yielding a crystalline benzenesulphonamide. On slender evidence it was 
believed to be related to proline. Particularly striking was their claim that 
whereas the benzenesulphonamide was inactive, the regenerated base showed 
an activity equal to that of the original “bios.” Eddy and his collaborators 
also described the isolation of a second “bios” (j8), apparently also a nitro¬ 
genous base, but this has not been obtained in a pure condition. 

Furthermore, Kerr [1928] has recently announced the separation of another 
“bios” (also called j8), a very hygroscopic nitrogenous base. It is claimed that 
this “bios” is also capable of acting by itself. 

Further discussions of these claims would, therefore, appear to be more 
conveniently held over until the results of this investigation have been 
described. 


Experimental. 

Technique . 

Throughout this investigation a strain of Saccharomyces cerevisiae (Chap¬ 
man) No. 2190, National Collection of Type Cultures, was employed. It was 
maintained by regular subculturing on wort-agar slopes; cultures of 24-30 
hours’ growth being employed for “bios” experiments. 

As an artificial medium for the “bios” tests, that described by Reader 
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[1927] was employed. Copping [1929] has shown that this medium is satis¬ 
factory for the purpose. “Bios” tests were always made by inoculating 25 ec. 
of sterile Reader’s medium in 100 cc. Erlenmeyer flasks with a suspension of 
yeast in the medium, so that the original count 1 in the flask was of the order 
of 0-01, i.e . 2500 cells per cc. To certain of the flasks the sterile fractions to be 
tested were added, care being taken that the volume was not altered by more 
than 2 %. If there was likelihood of greater dilution, Reader’s medium was 
employed to dissolve the substance to be tested. 

All cultures were maintained at 22°. The growth was measured by cell 
counts made at intervals with the Thoma haemocytometer; all 400 small 
squares being counted in order to reduce the error. Growth was assumed to 
have occurred when there was multiplication of at least a hundredfold 24 hours 
after incubation, and when there was visible growth after 48 hours. The 
activity of the substance was measured as the least amount which produced 
this order of growth. 

In that part of the investigation concerned with the relation of “bios” to 
vitamin B 2 , fractions were examined for the latter factor. The technique of 
this test is described more fully elsewhere [Narayanan and Drummond, 1930]. 
Briefly, it consisted in observing whether the growth of young rats fed on a 
basal diet adequate in all respects other than a deficiency of vitamin B 2 was 
stimulated by administering the fraction. 

Examination of known substances for “bios” activity. 

As part of the investigation, it was thought to be worth while to examine 
a number of substances of known composition, that might, for one reason or 
another, be suspected of serving as “bios.” 

(a) Nucleic acid and related substances. In view of the work of Wildiers, 
and also of Funk and Dubin, referred to earlier, the action of yeast nucleic 
acid was investigated, but no stimulation of growth was observed following the 
addition of 0*01-0*1 mg. for each cc. of Reader’s medium. Tests with 
the same concentration of guanine as hydrochloride, adenine as sulphate, and 
uracil also gave negative results; the very slight stimulation of yeast growth 
with the highest doses of guanine can probably be disregarded. These observa¬ 
tions are in agreement with those of Wildiers. 

(b) Substances possibly related to vitamin B. In view of the stability of 
“bios” to heat, and the recognition of the complexity of vitamin B, it was of 
interest to investigate whether the substances originally described by Funk 
[1912-13] as vitamin B, and the products, nicotinic acid and betaine obtained 
from it by Drummond and Funk [1914], represented any part of the vitamin B 
complex or possessed “bios” action. The former tests are described else¬ 
where, but as regards “bios” activity, no stimulation of yeast growth 
was produced by concentrations of 0*01-0*1 mg. per cc. of the original 

1 Unit count = 250,000 yeast cells in 1 cc. of culture medium. 
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compound (m.p. 223°) of Funk, nicotinic acid, or betaine. The observations 
of Peters et al. [1928] that concentrates of vitamin B x may show power to 
stimulate the growth of yeast and micro-organisms has been confirmed, for 
it has been possible through the kindness of Dr Guha to test the materials 
obtained by him during the fractionation of the vitamin B 1 constituent of the 
vitamin B complex [Guha and Drummond, 1929]. Some of the earlier fractions 
tested showed a marked “bios” effect in concentrations of the order of 0*08 
mg./cc., but, as the concentration of the vitamin progressed, the “bios” 
activity decreased. At the stage of the picrolonic acid fractionation no appre¬ 
ciable “bios” activity was shown by Dr Guha’s concentrates. 

(c) Substances related to choline . In view of the original statement of Devloo, 
an examination was undertaken to ascertain whether choline, or any of the 
bases derived from other phosphatides, showed “bios” action under the con¬ 
ditions of our tests. Tests were made on purified preparations of lecithin and 
kephalin, for which the writer is indebted to Dr H. J. Channon, added to the 
cultures in the form of highly dispersed 0*1 % emulsions, but without any 
increased growth of the yeast being observed. The products of hydrolysis of 
these preparations of lecithin and kephalin were also found to be inactive in the 
same concentrations, whilst, at the suggestion of Dr 0. Bosenheim, aminoethyl 
alcohol, for a pure specimen of which the writeris again indebted to Dr Channon, 
was tested in concentrations of 0*02-0*07 mg./cc., without any activity being 
observed. No activity was shown by phrenosin, sphingomyelin and the base 
sphingosine, tested in concentrations of 0*005-0*10 mg. In view of these 
results it appears probable that the activity of Devloo’s material was due to 
an impurity and that he was incorrect in relating “bios” to choline and 
lecithin. 

(d) Miscellaneous substances. The following substances w T ere tested for 
reasons which need not now be given, since they were all found inactive in 
doses ranging from 0*005 to 0*1 mg./ce.: stachydrine, lysine , spermine , guani¬ 
dine, metliylguanidine, puirescine, cadaverine, hexosediphosplrate (ferment a- 
tion) and potassium pyrophosphate. Cysteine in a concentration of 0*002- 
0*01 mg./cc. and the three dyes, methylene blue, potassium indigotetra- 
sulphonate and indigo carmine in doses of 0*001^0*005 mg./cc. were also 
found inactive. 

(e) Tests on Eddy's preparations . Through the kindness of Prof. Eddy the 
writer was provided with small quantities of both the a** and the /}-“bios” 
isolated in his laboratories. They were tested in concentrations ranging from 
0*025 to 0*075 mg./cc. The highest doses of both preparations produced a slight 
stimulation of growth of yeast, but the smaller concentrations were, according 
to the standards used in this investigation, inactive (see' Table I). Thus, for 
example, after 120 hours' incubation the count in the flasks to which 0*075 
mg./cc. of a-“bios” had been added was only 20, whilst that in the case of the 
j8-“bios” was 24. These figures compare unfavourably with many of our 
impure concentrates, which in the same interval of time produce a count of 
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124 with a concentration of not more than 0*02 mg./cc. Judged by the standard 
adopted in this investigation the preparations of Eddy would be regarded as 
substances of relatively poor “bios” activity. 




Tabic I. 






Dose per cc. 

Initial 

Growth in units of count after 


of medium 

inoculation 





Source of “bios” 

(mg-) 

oount/cc. 

24 hr. 

48 hr. 

72 hr. 

120 hr. 

Negative control 

— 

0-01 

0-01 

0*02 

0-02 

0*04 

» »» 

— 

0-10 

0*10 

0-40 

0-90 

2*40 

Eddy’s a-“bios” 

0-025 

0-01 

— 

— 

0-50 

0*80 

0025 

0-10 

010 

0-50 

2-80 

17*00 


0-050 

001 

0-02 

0-07 

1*80 

14*00 


0-050 

(HO 

0-20 

0-50 

4*30 

19*50 


0*075 

001 

0-03 

0*00 

200 

20*00 


0-075 

0-10 

0 40 

0-90 

3*90 

20*00 

Eddy’s /?-“bios” 

0025 

0-01 

0*01 

— 

0-40 

7*30 

0-025 

0-J0 

0*10 

0-30 

3*20 

19*00 


0-050 

0-01 

_ 

— 

— 

10*80 


0-050 

CIO 

0*20 

— 


24*00 


0-075 

0*01 

0-01 

0-05 

1*90 

21*00 


0-075 

0-10 

0-30 

0-70 

3*50 

28*40 

Extract (d) Table II 

0-050 

0-01 

2*30 

_ 

24-00 

209*00 


0-050 

0-10 

5*20 

14*70 

~~~ 


Extract (c) Table II 

0-020 

0-01 

1-90 

— 

21-00 

172*00 

Extract (h) Table JI 

0-0J0 

001 

1-00 

— 

9*00 

102*50 

0-020 

0*01 

1-40 


13-70 

124*00 


As it was possible that these differences might be due to the fact that Eddy 
and his co-workers used a higher incubation temperature (31°), a few experi¬ 
ments were made to control this point. The following results show that the 
different temperature does not explain the discrepancy. 


Temperature of incubation 31°. 



Dose per cc. 

Initial 

Growth in units of count after 


of medium 

inoculation 

f -- 

- „ - 


— -- ^ 

Source of “bios” 

(mg.) 

count/cc. 

24 hr. 

48 hr. 

72 hr. 

120 hr. 

Negative control 

— 

0*01 

0-01 

— 

0-02 

0*04 

Eddy’s a-“bios” 

0*075 

0-01 

0*02 

0-07 

3*20 

28-80 


0-075 

0-10 

0*20 

0-60 

5-30 

34*00 

Eddy’s/?-“bios” 

0-075 

0-01 

0*02 

0-09 

4-10 

27-60 


0*075 

0-10 

0-30 

0*90 

4-80 

23*30 

Extract ( d) Table 11 

0-050 

0*01 

3-20 

8*90 

— 

222-50 


Fractionation of yeast extracts for “bios” 

(a) Preparation of yeast extract . A series of experiments was made to 
ascertain the most suitable means of extracting “bios” from brewer’s yeast. 
Extraction with alcohol of various strengths, the use of acid and alkaline 
alcohol and the effect of different temperatures were all investigated, but no 
outstanding advantage in any one method was discovered. The method finally 
adopted was as follows. 

Brewer’s yeast was extracted in 7 or 14 lb. batches with 2*5 or 5 litres of 
alcohol for 4 hours at 60 to 70°, After filtration, the pressed residue was twice 
re-extracted with 50 % alcohol. The united extracts were concentrated under 
reduced pressure. 
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In some cases it was found convenient to use as raw material a commercial 
yeast extract (marmite), although an obvious drawback to this procedure was 
the presence in the extract of substances other than those originally present 
in the yeast. 

The original yeast extracts usually produced a count of 16-20 in 48-60 
hours when added in concentrations of 0*3-0*4 mg./cc. 

(b) Alkaline hydrolysis. The concentrates from yeast or yeast extract 
(marmite) were hydrolysed by heating for 2 or 3 hours in an autoclave at 
15 lb. pressure with a 20 % solution of barium hydroxide. The precipitate 
formed during the hydrolysis was removed by filtration, and the filtrate 
rendered free from barium by addition of a slight excess of dilute sulphuric 
acid. The barium sulphate precipitate carried down a considerable quantity 
of organic material from the solution at this reaction (p u 6*8), but the filtrate 
contained practically all the “bios.” 

The dose of this preparation required to produce yeast growth of 16-20 
counts in 48 - 60 hours was usually 0*2-0*35 mg./cc. of medium. 

(c) Precipitation with neutral lead acetate. The filtrate from the barium 
sulphate precipitate was treated with an excess of lead acetate solution, about 
110 g. being usually employed to treat the material obtained from 7 lb. of 
yeast, and the mixture allowed to stand overnight. After filtration both filtrate 
and precipitate were treated with H 2 S to remove lead, the lead-free liquids 
brought to a reaction of p H 6*8 and concentrated. 

The “bios” activity was found exclusively in the lead acetate filtrate, of 
which the dose was found to be 0*15 -0*25 mg./cc., whereas in confirmation of 
Rosedale [1927] and of Chick and Roscoe [1929] it was found that the vitamin 
B 2 was separated almost completely i$Nhe lead acetate precipitate. 

From this point of the investigation, having established that “bios” and 
vitamin B 2 are not identical, the two substances were studied separately. 

(d) Attempts to adsorb “ bios ” on norite charcoal. Following the steps that 
have been useful in effecting a concentration of certain of the B vitamins, 
attempts were made to adsorb “bios” by treating the filtrate from the treat¬ 
ment with lead acetate (c) with adsorbent charcoal (norite) at different reactions. 
The reaction of the liquid was adjusted by units of in stages from 2 to 7, 
at each stage being shaken with appropriate quantities of norite. The charcoal 
was filtered off and extracted with w r arm 50 % alcohol containing 1 % HC1, 
but no evidence of an adsorption of “bios” was obtained. After repeated 
trials this step was omitted from the later processes. 

(e) Treatment with 80% alcohol. The final filtrate from the “norite” 
treatment, or, in the later processes, the filtrate from the lead acetate pre¬ 
cipitation was evaporated under reduced pressure to a thick golden brown 
syrup, and extracted thrice with 5 volumes of hot 80 % alcohol. This treatment 
removed a quantity of insoluble inorganic substances and other inactive 
materials, and effected a certain amount of concentration of “bios”; the dose 
being reduced to 0*07-0*10 mg./cc. 
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(/) Precipitation with phosphotungstic add . The 80 % alcohol extract was 
concentrated under reduced pressure to remove the alcohol, the thick brown 
concentrate dissolved in 500 cc. of 5 % sulphuric acid, and treated with an 
excess of a saturated solution of phosphotungstic acid in 5 % sulphuric acid; 
a 25 % excess of the precipitant is necessary if the precipitation of “bios” is 
to be satisfactory. The mixture was allowed to stand overnight in the dark and 
filtered. Both filtrate and precipitate were treated with barium hydroxide to 
remove phosphotungstic and sulphuric acids. It was found that under these 
conditions “bios” is almost completely precipitated by phosphotungstic acid; 
the activity of the material present in the decomposed precipitate being 
0*008-0*02 mg./cc. The filtrate showed insignificant activity. 

(g) Silver f ractionation. Two methods of fractionating by means of silver 
the materials precipitated by phosphotungstic acid were employed. 

In the first place a series of fractions with silver nitrate were obtained at 
different reactions, baryta being employed to lower the acidity by stages. 
Precipitates were removed at p H 2 (Agi), p n 4*6 (Agn), p B 6*8 (Agm), 
Pn 8 (Ag iv) and finally after saturation with baryta (Ag v). Each precipitate 
was suspended in hot water and decomposed with hydrochloric acid gas, but 
no appreciable “bios” activity was traced in any one; the final filtrate from the 
silver fractions, rendered free from silver and barium by sulphuric acid, showed 
considerable potency, being active in doses of 0*01-0*02 mg./cc. 

The alternative treatment with silver consisted of rendering the diluted 
solution from e (Table II) distinctly alkaline by means of ammonia and adding 
freshly precipitated silver oxide until maximal precipitation occurred. The 
“bios” activity was not removed in the heavy precipitate, but remained in 
the filtrate after removal of ammonia and the excess of silver. The activity of 
this preparation was of the same order, namely, 0*01-0*02 mg./cc. 

(h) Treatment with platinic chloride , The fixates from the silver treatments 
on concentration to dryness yielded semi-solid materials from which a further 
amount of inactive inorganic substances was removed by extraction with 80 % 
alcohol. The solution after removal of alcohol on the addition of a 10 % aqueous 
solution of platinic chloride yielded a crop of a brown crystalline solid. The 
crystals were removed, and well washed with water, in which they were rela¬ 
tively insoluble, and decomposed with H 2 S. The material precipitated by 
platinum showed “bios” activity, but only in relatively high concentrations 
(0*10-0*20 mg./cc,). Most of the activity w r as found in the platinum filtrate 

, of which the active concentration was about 0*01 mg./cc. 

A number of attempts have been made to concentrate further the “bios” 
present in the final filtrate from the platinum treatment, but with no appre¬ 
ciable lowering of the concentration necessary to produce the required stimu¬ 
lation of yeast growth. 

The progress of a typical fractionation is illustrated in Table II. 
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Table II. 


(a) Yeast extract 
*(O.M.: 188*50 g. 

N%: 13*90 
Dose: 0*3-0*4 rag.) 

I 20 % Ba(OH) 2 at 115° 


(b) Hydrolysate Barium precipitate 

(OM.: 141*0 g. (Inactive) 

N%: 12-3 
Dose: 0*2-0*35 rag.) 

I Lead acetate 


Lead precipitate 
(Inactive) 


(d) Soluble extract 
(O.M.: 39*2 g. 

N%: 12*20 
Dose: 0*05-0*07 mg.) 

Phosphotungstic acid 
in 5 % sulphuric acid 


(c) Filtrate 

(O.M.: 110*50 g. 

N %: 11*92 
Dose: 0*15 -0*25 rag.) 
80 % alcohol extracted ] 


Insoluble residue 
(Inactive) 


Filtrate 

(Inactive) 


(/) Filtrate 

(O.M.: 0*8 g. 

Dose: 0-01-0*02 mg.) 


(e) Precipitate 
(O.M.: 10*20 g. 
N %: 12*93 
Dose: 0*02 mg.) 

AgN0 3 ,Ba(0H) 2 I 

or Ag 2 O.NH 4 OH 


Silver precipitates 
(Inactive) 


Extracted 80 % alcohol (thrice) 


(g) Extract 

(O.M.: 4*20 g. 

Dose: 0*01-0*02 mg.) 

| 10 % aq. solution of platinic chloride 


Residue 

(Inactive) 


Precipitate - (Jfc) Filtrate 

(Inactive) (N%: 15-6 

Dose: 0*01 rag.) 

* O.M. — organic matter. Dose — active dose for 1 cc. of medium. 


Properties of the active concentrate . 

The material obtained by the decomposition of the platinum filtrate 
contains 15‘6 % of nitrogen (calculated on an ash-free basis) but no phos¬ 
phorus. It does not give the following tests for various types of nitrogenous 
compounds: carbylamine reaction, nitrosamine reaction, biuret test, Folin- 
Denis test, Millon reaction, ninhydrin reaction and Denigd’s test, but it gives 
a fairly strong reaction with Pauly’s reagent. No precipitates were obtained 
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on the addition of aqueous or alcoholic picric acid, mercuric sulphate (Hopkins’s 
reagent) or mercuric chloride. Bromine is absorbed with great avidity, yielding 
a gummy resinous product. 

The “bios” activity is inappreciably affected by treatment with nitrous 
acid or dilute nitric acid, but oxidation by warming with hydrogen peroxide 
for 30 minutes causes inactivation. All efforts to prepare a solid benzene- 
sulphonamide failed, and no further evidence has yet been obtained to throw 
light on the chemical nature of the active substance. 

Comparison of the various “bios” preparations . 

The more important statements regarding “bios” are summarised in 
Table III; it being remembered that according to Miller [1924] the growth 
of yeast in a sugar-salt medium is not satisfactory unless “bios I” is added 
to “bios II.” The former has been identified by Eastcott [1928] as inositol; 
furthermore, the “bios II” of these workers is described as extremely soluble 
in acetone, readily removed from solution by shaking with charcoal, and not 
precipitated by barium hydroxide [Lucas, 1924; Miller, 1924]. 


Solubilities: 

Water . 

Table III. 

Wildiers, Eddy and his 

Devloo co-workers 

Soluble Soluble 

Author's 

concentrate 

Soluble 

Alcohol (abs.) 

— Sol. in 95 % 

Sparingly sol. 

„ (80 %) 

Soluble Soluble 

Soluble 

Acetone . 

.. — Soluble in aqueous 

Insoluble 

Ether and chloroform 

acetone 

Insoluble — 

Insoluble 


fStatriUty to reagents: 

Alkalis (hot or cold baryta 


and NaOH) . 

Acids (cold HC1, H 2 S0 4 , 

Stable 

Stable 

Stable 

hnoj . 

Hot HC1, HN( ) 3 and H 2 S0 4 

Stable 

Stable 

Stable 

Stable 

— 

Stable 

Nitrous acid . 

— 

— 

No action 

Hydrogen peroxide 

— 

— 

Inactivated 

Precipiiants : 

Lead acetate (neutral) ... 

Not precipitated 

— 

Not precipitated 

,, (basic) 

Silver nitrate (acid) 

Not precipitated 

— 

Not precipitated 

Not precipitated 

— 

Not precipitated 

M (alkali) 

Not precipitated 

— 

Not precipitated 

Phosphotungstic acid 

Not precipitated 

Not precipitated 

Precipitated 

Mercurio sulphate 

Not precipitated 

— 

Not precipitated 

- Mercuric chloride 

Not precipitated 

— 

Not precipitated 
(?) 

Not precipitated 

Platinic chloride (aqueous) 

Not precipitated 

_ 

„ (alcoholic) 

Not precipitated 

— 

Not precipitated 

Picric acid . 

Not precipitated 

— 

Not precipitated 

Nature . 

Believed to be an 
org, N base 

Nitrogenous base 

Simple N com¬ 
pound 


It will be seen that there is some disagreement regarding the properties of 


“bios.” Actually, the disagreement is more serious than is indicated by the 
comparison of the properties of the various preparations, because Lucas [1924] * 
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records a failure to observe under the conditions of his test any stimulant 
action with Eddy’s “bios,” and with our technique the preparations of 
Eddy were also found to be virtually inactive (see Table I). 

The identification of “bios I” as inositol by Miss Eastcott [1928] has also 
complicated the question considerably. During the course of the investigation 
being reported a large number of experiments has been made to ascertain 
whether the activity of any of the fractions was dependent upon or was 
augmented by the addition of inositol. In no single case was this found to be 
the case; the following examples are typical (Table IV). 


Table IV. 


(Initial inoculation: 0*01 count/cc., incubation temperature: 22°.) 


Inositol 

Inositol 

“Bios” extract 

Growth in units of count after 

(Basic) 

(Pryrle) 

mg./cc. 

f 


A _ . _ 


rng./cc. 

mg./co. 

Table It 

24 hr. 

48 hr. 

72 hr. 

120 hr. 

Nil 

Nil 

Nil 

0*01 

0*01 

0*02 

0*04 

0-02 

77 

9? 

0*01 

0*01 

0*02 

0*04 

0*04 

77 


0*01 

0*02 

0*02 

0*04 

0*08 

77 


0*01 

0*02 

0*04 

0*04 

0*10 


M 

0*01 

0*02 

0*04 

— 

0*20 

77 

99 

0*02 

0*04 

0*07 

0*18 

Nil 

0*05 

99 

0*02 

0*05 

0*15 

0 20 

,, 

0*10 

99 

0*02 

0*04 

0*10 

0*20 

JJ 

0*20 

99 

0*03 

0*09 

0*15 

0*30 

0*02 

0*20 

0*050 (d) 

2*30 

5*40 

21*80 

— 

0*08 

0*20 

0*050 „ 

2*10 

0*20 

— 

210*00 

0*10 

0*20 

0*050 „ 

1*90 

5*70 

—. 

206*50 

0*20 

0*20 

0*050 „ 

2*10 

5*90 

23*00 

— 

Nil 

0*20 

0*050 „ 

2*40 

6*10 

20*20 

205*00 

»» 

0*050 

0*020 (e) 

1*80 

5*00 

20*50 

— 

„ 

0*10 

0*020 „ 

1*90 

5*30 

— 

184*00 

77 

0*20 

0*020 „ 

—. 

4*70 

18*30 

— 

77 

Nil 

0*020 „ 

1*75 

4*80 

19*70 

— 

77 

0*05 

0*010 „ 

0*70 

2*00 

— 

78*00 

*7 

0*10 

0*010 „ 

0*85 

— 

— 

82*00 

77 

0 20 

0*010 „ 

0*80 

2*70 

— 

85*50 

’> 

Nil 

0*010 „ 

0*70 

2*20 

— 

80*40 



(Initial inoculation: 0*10 count/cc.) 




Nil 

Nil 

Nil 

0*10 

0*20 

_ 

0*40 

0*02 

77 


0*10 

0*20 

— 

0*50 

0*05 

77 

99 

— 

0*20 

_ 

_ 

0*10 


99 

— 

0*20 

— 

_ 

0*20 

77 

99 

0*20 

— 

_ * 

1*50 

0*02 


0*020 (e) 

4*50 

19*50 

— 

_ 

0*05 

77 

0*020 „ 

4*90 

22*30 

_ 

_ 

0*10 

77 

0*020 „ 

4*70 

20*70 

— 

_ 

020 

77 

0*020 „ 

4*60 

20*80 

_ 

192*00 

Nil 

0*10 

Nil 

0*40 

1*20 

_ 

_ 

„ 

0*20 

77 

0*50 

1*40 

— 

3*00 

„ 

0*05 

0-020 (e) 

4*80 

— 

_ 

187*00 


0*10 

0 020 „ 

— 

— 

67*90 

_ 


020 

0-020 „ 

5*70 

22*60 

_ 

_ 


Nil 

0-020 „ 

4*70 

21*50 

— 

186*00 


A series of experiments was also conducted at 28°, the temperature of 
incubation employed by Miss Eastcott [1928], but the results were not essen- 



16 


B. T. NARAYANAN 


tially different from those given above. Of the same character were the results 
of a series of experiments with varying doses of “bios” extracts (Table V). 

Table Y. 


(Initial inoculation: 1*0 couut/cc., incubation temperature: 22°.) 


Inositol (Basle) 

Inositol (Pryde) 

“Bios” extract 
mg./ oc. 

Table II 

Growth in units of 
count after 

r - - K - . 1 \ 

mg./co. 

mg./cc. 

24 hr. 

48 hr. 

Nil 

Nil 

Nil 

1*0 

2-80 

0*05 

>t 

99 

— 

3-20 

010 

if 

a 

— 

4-60 

0*20 

if 


2*30 

5-20 

005 

if 

0*020 (A) 

8*70 

32*00 

010 

it 

0*020 „ 

8*60 

31*70 

0*20 

it 

0-020 „ 

9*20 

33-90 

Nil 

0*05 

0*020 „ 

7*80 

29-20 

»» 

0*10 

0-020 „ 

8*70 

33*50 

»» 

0*20 

0*020 „ 

8-60 

31 00 

»» 

0*05 

Nil 

— 

2*90 

>> 

0*10 

» 

— 

5-70 

** 

0*20 


4*00 

9-20(1 

>» 

Nil 

0 020 (h) 

7*90 

31-00 

>» 


0-010 „ 

4-80 

.19-40 


One sample of inositol employed was a preparation made by the Society 
of Chemical Industry of Basle. It was purified by several recrystallisations 
from dilute alcohol and melted sharply at 215°. A few experiments were also 
made with a preparation isolated from mammalian muscle, for which I am 
indebted to Dr J. Pryde. All the experiments with inositol proved negative 
in the sense that no effect on the growth of yeast was observed. 

The active concentrates obtained in this investigation were examined 
qualitatively for inositol, but no indication of its presence was obtained. The 
conclusion reached is, therefore, that, if the methods of studying the growth 
of yeast employed by the Toronto investigators differ in no fundamental 
manner from those used in this investigation, the activity of the inositol 
observed by them must have been due either to the presence of an impurity, 
or to some such effect as has been recently described by Miss Reader [1929] 
in the case of mannitol. The present study provides no explanation of the 
different behaviour of inositol in these experiments and those of the Toronto 
investigatory. Until a satisfactory explanation of the discrepancies is forth¬ 
coming it might be assumed that different yeasts require different types of 
“bios,” although the writer's experience is against making such an assumption. 
Miss Copping [1929] was good enough to test a number of the active con¬ 
centrates and found that they stimulated the growth of a wide variety of yeasts 
of different types. 

Discussion. 

Until the investigation has been carried further, it is undesirable to attempt 
to reconcile the many conflicting statements regarding “bios” that are to be 
found in the literature. * 
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For the present it will be sufficient to state that concentrates have been 
prepared from yeast which are highly active in stimulating the growth of 
S. cerevisiae in an artificial sugar-salt medium. These concentrates exhibit 
an activity in doses that are considerably smaller than those recorded by 
Eddy for his preparations, one of which is believed to be a pure substance, or 
those described by the group of Toronto workers. In this investigation no 
evidence has been obtained to support the activity of Eddy’s preparations of 
a- and /?-“ bios,” nor are the results described in this paper in agreement with* 
the statements regarding the activity of the “bios I” and “bios II” of Miller, 
Lucas and others. 

The properties of the most active concentrates prepared during the course 
of this work suggest that the active material is a comparatively simple nitro¬ 
genous substance 1 . 

Summary. 

(!) “Bios” and vitamin B 2 are not identical. A chemical separation of 
vitamin B 2 from “bio8 ,, has been effected. 

(2) A series of substances of known chemical composition has been tested 
for “ bios ” activity. None of these substances has been found to exert a marked 
stimulating influence on the growth of the yeast. 

(3) A method of fractionation of “bios” is described, which provides 
concentrates producing marked stimulation of yeast growth in doses of the 
order of 0-01 mg./cc. of an artificial sugar-salt medium. The final concentrate 
obtained appeared to consist largely of relatively simple nitrogenous substances 
and contained no phosphorus. 

(4) The properties and activity of this concentrate are compared with those 
of Eddy’s preparations, and also with those of the preparations of Miller, 
Lucas and their colleagues. The conclusion is reached that a more active 
preparation has been obtained than those described by them, and, therefore, 
that their claims to have isolated “bios” cannot at this stage be admitted, 

(5) An extensive examination of Eastcott’s statement that inositol is an 
essential unit of “ bios ” has been made, but no evidence was obtained to support 
her claim. 

In conclusion, the writer wishes to make grateful acknowledgment to 
Prof. J. 0. Drummond for his kind interest and advice throughout the course 
of this investigation. 

1 Since this typescript was prepared for publication a paper by Williams, Warner and Roehm 
[«7* Am&r . Chem. Soc . 1929, 51, 2764] has appeared where the authors record results very s imilar 
to those obtained in the foregoing paper on Eddy’s “bios” preparations and inositol. Williams and 
his co-workers claim to have obtained a very concentrated form of “bios” (their “Z” concentrate 
adsorbable by fuller’s earth) which, however, manifests its greatest activity only in the presence 
of another factor present in the residue after adsorption by fuller’s earth. The “Z” concentrate 
is claimed to produce definite stimulation of growth in as low a concentration as 0-00005 mg./cc. 
when duly supplemented by 0*8 mg./cc. of the unadsorbed residue. As has already been shown in 
the foregoing paper no evidence in support of the complex nature of “bios’’ has been obtained 
during the course of the present investigation. 

Bioohem. 1930 xxiv 
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III. THE CONCENTRATION OF VITAMIN B 2 . 
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While a considerable amount of work has been done to elucidate the chemical 
nature of vitamin Bj as yet few observations of a similar character have been 
recorded regarding the more recently discovered vitamin B 2 . Of the few facts 
known concerning the latter substance, the most important are those that 
indicate its comparative stability to heat and to somewhat drastic treatment 
with aqueous alkalis. Several investigators have stated that it is sparingly 
soluble in alcohol of greater concentration than 80 %, while it has also been 
recorded that it is absorbed by fuller’s earth [Salmon et al ., 1928] and silica 
gel [Levene, 1928]. The attempts to separate the two vitamins B x and B 2 have 
been based on these properties, but so far little progress has been made in the 
isolation of vitamin B 2 . The most potent concentrate recorded in the literature 
appears to be that obtained by Levene [1928], by means of adsorption on silica 
gel. This preparation supplied the requirements of the young rat in doses of 
only 2 mg. of organic matter daily. He observed that the activity was de¬ 
stroyed by treatment with nitrous acid. 

The present investigation was undertaken as part of the general study of 
vitamin-like substances present in yeast extracts. 

Experimental. 

In the foregoing paper a description is given of an investigation on the 
chemical nature of “bios.” During the earlier part of this investigation it was 
uncertain whether the yeast stimulant was identical with the factor known as 
B 2 or not, but it was soon ascertained that precipitation of the baryta-hydro¬ 
lysates of yeast extracts with lead acetate effected a separation of the two 
substances. The vitamin B 2 is precipitated by lead acetate whilst “bios” 
remains in the filtrate. The precipitation of vitamin B 2 by this reagent has 
been recorded by Rosedale [1927], and by Chick and Roscoe [1929]. The 
present communication describes the efforts that were made to separate the 
factor B 2 from the materials precipitated by lead acetate (see Table II 
[Narayanan, 1930]). 

A. Technique. In these experiments young rats (usually black and white, 
bred in these laboratories) of approximately 50 g. in weight were placed on a 

2—2 
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vitamin-free diet consisting of caseinogen 20 %, starch 74 %, and a special 
salt mixture 4 %. They were also given 40 mg. daily of ood-liver oil of tested 
vitamin A and D strength and each rat was also given a supply of a concentrate 
containing vitamin Bj sufficient to permit satisfactory growth if the diet was 
otherwise adequate. The concentrate was made by the method of Kinnersley 
and Peters [1927]. 

Each rat was kept in a separate cage and when the growth had quite, or very 
nearly, ceased, a daily dose of the extract to be tested was given. An extract 
under test was assumed to be active when the rats grew at the rate of at least 
10 g. a week. 

B. Tests on known substances. A number of substances, which for one 
reason or other might possibly have been suspected of being related to vitamin 
B 2 , were tested. All these tests proved negative. The list of substances tested 
is given below with the doses employed. 


Table I. 

Substance 

Dosage 

Average growth 
in a week 


(mg.) 

(g.) 

Nucleic acid (yeast) . 

1-10 

- 2 

Guanine hydrochloride. 

1-5 

Nil 

Adenine sulphate . 

1-5 


Funk’s compound, m.p. 234°. 

1-5 

1 

Nicotinic acid hydrochloride. 

1-5 

Nil 

Betaine hydrochloride ... 

1-6 

- 1 

Inositol ... ... . 

1-10 

- 1 to + 1 

Potassium pyrophosphate 

1-10 

- 3 

Non-saponifiable matter from yeast fat 

1-5 

Nil 


C. Preparation of lead acetate fraction. The precipitate produced by the 
addition of lead acetate to the extract hydrolysed by alkali, or to the aqueous 
solution of the material extracted from yeas^ by alcohol [see Narayanan, 1930] 
was decomposed by suspending in warm water and slowly adding 10 % 
sulphuric acid while the mixture was stirred mechanically. When acid to 
Congo red, the lead sulphate was removed by filtration, and the filtrate 
neutralised with sodium hydroxide. The filtrate fraction was found to be active 
and promoted growth in daily doses representing 10-15 mg. of organic matter. 
(N content 6-7 %.) (Curve no. I, Fig. 1.) 

The filtrate containing material not precipitated by lead acetate produced 
practically no growth, even in daily doses as high as 400 mg. of organic matter. 

D. Adsorption on fuller's earth . Preliminary experiments were made to 
discover if the factor is readily adsorbed by fuller’s earth, and, if so, the best 
conditions for effecting concentration by this means. A preliminary series of 
trials with the liquid resulting from decomposition of the lead acetate pre- * 
cipitate demonstrated that over a range of p H extending from 6-8 to 0*1 the 
adsorption increased as the acidity was raised. At p H 0*1 the removal of the 
active factor by fuller’s earth was almost complete, and the main bulk of a 
large preparation was consequently treated in the following manner. 
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The active liquid from the lead acetate precipitate was rendered approxi¬ 
mately O'9 N with sulphuric acid and treated with 3 g. of fuller’s earth for 
every 100 cc. of the liquid. 

The mixture was well stirred mechanically for half an hour, filtered and the 
earth well washed with a small quantity of 0-9 N sulphuric acid. The filtrate 
and washings were similarly treated a second time with 1*5 g. of fuller’s earth 
for each 100 cc. Approximately 40 % of the total solids and organic matter 
of the original extract was adsorbed. The resulting earth contained practically 
all the active factor, and promoted growth in doses of 40 mg. of earth; corre¬ 
sponding to 6 mg. of adsorbed organic matter. (Curve no. II, Fig. 1.) 



The “activated” fuller’s earth was now triturated with cold saturated 
baryta until alkaline to bromocresol purple, filtered, and the precipitate well 
washed with distilled water until the washings failed to give a test for barium. 
The filtrate and washings contained 26 % of the solids adsorbed on the earth, 
but did not promote growth when tested. On the other hand, the earth after 
extraction with baryta produced growth in doses of 40 to 50 mg. of earth, 
corresponding to 5 mg. of residual adsorbed organic matter. (Curve no. Ill, 
Fig. 1.) 

The earth was now extracted with 50 % alcohol containing 0-1 % of sul¬ 
phuric acid. Twenty-six g. of earth, containing approximately 2-7 g. of organic 
matter, were twice extracted at 60 to 70° for 1 hour with 50 cc. of the acid 
alcohol. The extracts and washings were evaporated at reduced pressure, and 
the residual fluid carefully neutralised. On testing the extract it was found to 
be inactive. It contained 0-16 g. of organic matter, representing 6 % of the 
total adsorbed substances. The residual fuller’s earth was found to be still 
active in doses of 50 mg. of earth. (Curve no. IV, Fig. r.) 
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The residual earth was now extracted in a similar manner with 50 % alcohol 
containing 0*1 % of sodium hydroxide. The extract after removal of the alcohol 
and neutralisation was found to contain 0*2 g. of organic matter, but to be 
quite inactive. The residual solid weighed 20-5 g. and still retained its original 
activity, i.e. 50 mg. of earth. (Curve no. V, Fig. 1.) 

A quantity of this residual “ activated ” earth, representing a total of 
approximately 400 daily doses, was again extracted, this time with dilute HC1 
at a p u of 6*8, under the same conditions as before. The extract was concen¬ 
trated and neutralised. It contained 0*75 g. of organic matter, but was inactive. 
The activity of the earth was found to have been somewhat reduced by this 
treatment as it required doses of 80-100 mg. to produce an average growth of 
10-12 g. a week. (Curve no. VI, Fig. 1.) 

The following scheme illustrates the experiments described. 



Brewer’s yeast extract 
(Org. matter: 100 g. 

Rat dose: 60-92 mg.) 


J Neutral lead acetate 

Lead precipitate 
(Org. matter: 13 g. 

Eat dose: 12-15 mg.) 

Filtrate 


Adsorption on fuller’s earth 

Filtrate 

(Org. matter: 6-60 g.) 
(Inactive) 

“Activated earth” 

(Total solids: 32 g.* 

Rat dose: 40 mg.) 


Extracted Ba(OH)j. to pu 6-8 

Residual solid 
(Total solids: 30 g. 

Rat dose: 40*50 mg.) 

Alkaline extract 
(Org. matter: 1-30 g.) 

(Inactive) 

Extracted hot 50 % alcohol (0*1 % H 2 S0 4 ) 

1 

Extract 

(Org. matter: 0*15 g.) 
(Inactive) 

l 

Earth 

(Total solids: 29 g.* 

Rat dose: 50 mg.) 

Extracted hot 50 % alcohol containing 0*1 % NaOR 


Earth Extract 

(Total solids: 28 g. (Org. matter: 0-26 g.) 

Rat dose: 50 mg.) (Inactive) 


| Extracted hot diluted HC1 at pn 6*8 

Active solid 

(Total solid: 26-50 g. 

Rat dose: 80-100 mg.) 

w i 

4 Extract 

(Org. matter: 1*25 g.) 

(Inactive) 

* Total solids = total weight of “activated” fuller’s earth. 

E. Adsorption on 

“norite” charcoal . In view of the failure that attended 


the efforts to concentrate vitamin B 2 by the use of fuller’s earth, an attempt was 
made to adsorb the active factor on “norite” charcoal. After a series of trials 
the following procedure was adopted. 
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The extract from the decomposition of the lead acetate precipitate from 
7 lb. of yeast was rendered approximately 0*9 N with sulphuric acid, and 
treated with 5 g. of norite for every 100 cc. of the liquid. The mixture was well 
stirred for half an hour and filtered. The charcoal was then washed well with 
0*9 N H 2 S0 4 , and the filtrate and the washings were again treated with 2 g. 
of charcoal per 100 cc. The combined charcoals weighed 42 g. when dry. The 
filtrate and washings were reserved for further experiment. 

The charcoal fraction was suspended in 50 cc. of a solution of 1 % sodium 
hydroxide in 50 % alcohol, added until the reaction of the mixture wasjt? H 6*8, 
and the mixture heated on the water-bath for 1 hour, care being taken to keep 
the reaction at p H 6*8. The alcoholic solution was filtered and concentrated 
under reduced pressure. The concentrate contained 40 % of the organic matter 
of the original extract, but was practically inactive. The residual charcoal, 
however, showed slight activity in 60 mg. doses. (Curve no. VII, Fig. 2.) 



Fig. 2. 

f = Supplement given. | = Supplement withdrawn. 

The reaction of the filtrate and washings from this charcoal treatment was 
adjusted to p n 2*3 by the addition of sodium hydroxide and a similar treat¬ 
ment with norite carried through. The combined charcoals were similarly 
extracted at 60-70° with 50 % alcohol at p H 6'8. The alcoholic extract con¬ 
tained 50 % of the residual organic matter, but did not produce any appre¬ 
ciable growth in 5-6 mg. doses. The extracted charcoal was quite inactive. It 
was concluded that norite does not appreciably adsorb vitamin B 2 at this p u . 

The filtrate from the charcoal treatments was concentrated under reduced 
pressure to a thick syrup and extracted with hot 50 % alcohol. A granular 
precipitate consisting mostly of inorganic matter separated, and was discarded 
on being found to be quite inactive. The alcoholic extract contained practically 
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all the residual organic matter but was also inactive. The loss of activity in 
the experiment has not been satisfactorily accounted for. 

P. Attempts to concentrate vitamin B 2 by means of alcohol . In view of the 
failure of the efforts to concentrate vitamin B 2 by adsorption methods, it was 
decided to attempt fractionation by alcohol. The fraction resulting from decom¬ 
position of the lead acetate precipitate was treated with absolute alcohol until 
the solution contained approximately 50 %. A considerable amount of a slimy 
precipitate was obtained which was filtered off and washed with small quan¬ 
tities of 50 % alcohol. The alcoholic extracts and washings were concentrated 
under reduced pressure. This extract was found to be active in daily doses of 
9 mg. of organic matter (curve no. VIII, Fig. 2), and contained about 88 % 
of the activity of the original fraction. 

The 50 % alcoholic extract was further treated by raising the percentage 
of alcohol to approximately 70 %, when another slimy dark-brown precipitate 
was deposited. This was removed by filtration and well washed with small 
quantities of 70 % alcohol. The filtrate was concentrated, but on being tested 
on rats was found to be inactive. The precipitate contained most of the activity, 
giving good growth in daily doses of 6 mg. of organic matter [cf. Sherman and 
Sandels, 1929]. Further investigation of this fraction is in progress. (Curve 
no. IX, Fig. 2.) 


Some properties of vitamin B 2 . 

(a) Treatment with acids and alkalis. In the course of these experiments, 
further confirmation was obtained of the observation that the active factor, 
vitamin B 2 , withstands rather drastic treatment with acids and alkalis. 

No appreciable destruction appears to occur when either a yeast extract or 
brewer’s yeast is hydrolysed by 10-15 % sulphuric or hydrochloric acid at 
boilijjg point for 24 hours, or when they are treated with 10-15 % barium 
hydroxide solution in an autoclave at 110-120° for 1 to 3 hours. (Curves nos. 
X, XI, XII, Fig. 3.) 

(b) Treatment with hydrogen peroxide. The active factor is apparently 
stable to hydrogen peroxide. 100 cc. of the lead precipitate fraction, after 
removal of the lead, was treated with an excess of hydrogen peroxide, the 
mixture being warmed on the water-bath at 60-70° for 30 minutes. The 
resulting liquid was equal in activity to the original untreated material. 

* (Curve no. XIII, Fig. 4.) 

(c) Treatment with nitrous acid . In contradiction of Levene’s statement 
[1928] and in confirmation of the more recent observation of Chick [1929] no 
appreciable destruction of the active factor was observed when treated with 
nitrous acid. 100 cc. of the lead precipitate fraction (containing 1-5 g.. of 
organic matter) were treated with 2*5 g. of sodium nitrite and the mixture was 
cooled on ice. 10 % hydrochloric acid was then slowly added and the mixture 
allowed to stand for 10 minutes. The solution was then warmed to 60-70°, and 
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finally neutralised with sodium hydroxide solution. The resulting liquid showed 
no appreciable deterioration of its original activity. (Curve no. XIV, Fig. 4.) 

(d) Solubility. Apart from its extreme solubility in water, vitamin B 2 
is very soluble in 50-60 % alcohol, but only sparingly so in alcohol of greater 



* Fig. 3. 

f = Supplement given. | = Supplement withdrawn. 



Fig. 4. 

t = Supplement given. | = Supplement withdrawn. 


concentration, and practically insoluble in higher alcohols, of the type of butyl 
alcohol, as the following experiment shows. 

The extraction was made in a continuous extraction apparatus essentially 
of the form described by Dudley [1919]. 
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The extract from 7 lb. of yeast was concentrated to a thick brown syrup, 
and extracted in two lots with w-butyl alcohol at 60-70° for 48 hours. The 
butyl alcohol extract was separated from the aqueous mixture, and the latter 
solution was again subjected to extraction for a further period of 48 hours. 
The extracts were combined and concentrated under reduced pressure to 
remove all the solvent. The concentrate contained 5 % of the total solids of 
the original extract, but was found useless as a source of vitamin B 2 . The 
residual aqueous liquor retained practically all the activity. (Curves nos. XV 
and XVI, Fig. 4.) 

Summary. 

(1) An attempt to concentrate vitamin B 2 by means of adsorption on 

fuller’s earth is described. While adsorption was complete at the extreme acid 
range of (0*05-0-10), great difficulty was encountered in removing the 

adsorbed active factor. 

(2) “Norite” charcoal is not an efficient adsorbent of the active factor. 

(3) The active factor is relatively insoluble in alcohol of greater concen¬ 
tration than 70 % by volume. By this process a concentrate has been obtained, 
of which the daily dose which supplies the requirements of the young rat 
contains 6 mg. of organic matter. Further fractionation of this concentrate is 
in progress. 

(4) The general finding that the active factor is stable to heat, acids and 
alkalis is confirmed. It is also found that vitamin B 2 is not destroyed by either 
hydrogen peroxide or nitrous acid. It is not appreciably soluble in butyl alcohol. 
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Introduction. 

In view of the fact that the biological method for the estimation of vitamin A 
is not only tedious and expensive, but is open to errors of a rather disturbing 
magnitude, the need for a more satisfactory method has always been keenly 
felt. In 1925 Rosenheim and Drummond described the AsC 1 3 test as the basis 
of a quantitative method of assay, but the method was greatly improved by 
the use of SbCl 3 and other modifications introduced by Carr and Price [1926]. 
Drummond and his co-workers have presented evidence that these colour 
reactions are of practical value in the assay of vitamin A in liver oils, and 
support for this view has been brought forward by Rosenheim and Webster 
[1926, 1927], Willimott and Wokes [1927] and others. On the other hand 
some investigators do not regard the reaction as specific for vitamin A. Some 
of their objections have been dealt with by Drummond and Morton [1929] and 
have been shown to be based on unsatisfactory evidence, but those raised by 
Schmidt-Nielsen were, however, more serious, in that superficially it did not 
appear that the discrepancies could be attributed to obvious differences of 
technique. 

The work recorded in this paper was undertaken for the purpose of ex¬ 
amining the claims of Schmidt-Nielsen, and relates to a number of fish-body 
and -liver oils which have been studied both colorimetrically and biologically. 
While it was in progress, Norris and Danielson [1929] published data concerning 
colorimetric and biological tests of the vitamin A values of some Pacific coast 
salmon-body oils. They concluded that the results of the colorimetric assays 
agreed within reasonable limits with those obtained from the biological 
method. Both their colorimetric and biological values (3-10 units, United 
States Pharmacopoeia) are, however, so low that, in our opinion, their signi¬ 
ficance is not great. 

Schmidt-Nielsen [1928, 1, 2, 3] stated that the body oils of sprat, mackerel 
and herring as well as the liver oil of the basking shark were, according to his 
biological tests, good sources of vitamin A, but that they did not react with 
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arsenic or antimony trichloride to give the characteristic blue colour. Generally 
speaking he found that a blue colour was given by the liver oils of bony fishes 
such as cod, tusk, ling and haddock, whereas the liver oils of most of the 
Elasmobranchs, sharks and rays, gave only a feeble reaction, the colour quickly 
changing to reddish or brown. On the other hand, the liver oil of salmon gave 
an intense blue colour with SbCl 3 (150-200 blue units on the Rosenheim- 
Schuster colorimeter), which apparently bore no relation to its vitamin A 
value as indicated by the animal tests. These results led him to conclude that 
there is no strict relation between the colour reaction and the biological assay 
for vitamin A, and that the blue colour reaction is probably due to substances 
which sometimes accompany the vitamins. 

Experimental. 

The body and the liver oils of salmon and herring were prepared m the 
laboratory by grinding the flesh or the livers with anhydrous Na 2 8 0 4 , and 
extracting the dry powder with ether in an atmosphere of nitrogen. The ether 
was removed in an atmosphere of nitrogen, and the oils were sealed in amber 
glass ampoules in which the air was replaced by the inert gas. Salmon body 
and liver gave deep orange-red oils, the yield being approximately 11*5 and 
7*0 % respectively, whilst herrings gave a yellow body oil and a brownish-red 
liver oil in yields of approximately 7-6 and 10-0 %. The herring-liver oil had 
a distinct green fluorescence. Dr Schmidt-Nielsen also very kind)} supplied 
us with samples of herring-body oil and a sample of the liver oil of the basking 
shark examined by him [Schmidt-Nielsen, 1928, 2; 1929]. These six samples 
were submitted to a comparative assay of vitamin A by the colorimetric and 
biological methods. 

The colorimetric test was carried out according to Carr and Price’s [1926] 
modification of Rosenheim and Drummond’s method [1925], the colours being 
matched after 30 seconds. In the case of body oils which do not give a per¬ 
ceptible blue colour in 10 % dilution in chloroform, 0*2 cc. of the oil itself was 
used and is referred to as 100 % dilution in the table. A mean of at least three 
readings was taken. The original colour of the oil was also measured with the 
same colorimeter in suitable dilutions. 

In the case of oils which show a very deep blue colour with SbCl 3 , it is often 
not possible to obtain a satisfactory match at 10 % dilutions. With the 
Rosenheim-Schuster colorimeter the most reliable readings are usually obtained 
by matching at dilutions which give 5-8 blue units. As the intensity of the 
blue colour is not strictly proportional to the degree of dilution, it is necessary 
to obtain five or six readings at different dilutions and plot an intensity-dilution 
curve, by reference to which 10 % dilution values can be interpolated for pur¬ 
poses of comparison. The values of the herring and salmon-liver oils were 
obtained in this manner. 

The technique of the biological test employed was as follows. 
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Young rats at an average weight of 45-50 g. were put on a vitamin A-free 
basal diet consisting of 

Purified caseinogen ... 20 parts 

Purified rice starch ... 71 „ 

Salt mixture . 4 „ 

Dried brewer’s yeast ... 5 ,, 

The antirachitic factor was supplied in the form of irradiated ergosterol 

prepared in the laboratory. A dose of 0*01 mg. of this preparation dissolved 
in ethyl oleate was given twice weekly to each rat throughout the preparatory 
and the testing periods. 

The majority of the rats showed a steady weight after 4-5 weeks on the 
basal diet. They were then given measured supplements of the oils, which were 
administered directly into the mouth every morning. Ethyl oleate was used 
as the diluent, and the solutions were kept in brown glass ampoules of small 
capacity, and stored in a vacuum desiccator in a cold, dark cupboard. Fresh 
solutions were made every week or 10 days 1 . 

The tests of the supplements were carried on usually for 3 weeks in the case 
of rats which showed little or no growth, whilst they were continued for 4-6 
weeks if the material under investigation induced appreciable growth. In the 
former case the supplement was changed to an adequate dose of another oil 
known to contain vitamin A, in order to demonstrate that the animal was still 
capable of growing. In a few cases, however, the rats rapidly declined in weight 
within a few days, with an onset of deficiency symptoms, and died before they 
could be saved by the administration of vitamin A. 

The results of the colorimetric and biological tests are recorded in Tables 
I and II respectively, and the Figures 1-6 illustrate representative growth 
curves. 

It will be evident from the data there given that the results are, on the 
whole, reasonably definite. The figures in the last column of Table I show that 
the SbCl 3 reaction is practically negative for the three body oils from salmon 
and herring, and for Dr Schmidt-Nielsen’s preparation of the liver oil of the 
basking shark. The blue units given by herring-liver oil are of the same order 
as those of a good average sample of cod-liver oil, while those of the salmon- 
liver oil are about six times greater. 

The results of biological tests are in satisfactory agreement with those of 
the colorimetric tests. 

1 The use of ethyl oleate as a diluent for this purpose was thought at first to be a great im¬ 
provement in technique [Drummond and Morton, 1929]. It has been found unsatisfactory, 
however, in one respect. Probably owing to the presence of acids more highly unsaturated than 
oleic, autoxidative changes tend to occur and may involve the substance being tested. These can 
be prevented by replacing the natural antioxidant in olive oil by a substance such as quinol. 
In this investigation we guarded against deterioration of the solutions by making them up freshly 
©very week. We have satisfied ourselves that the vitamin D content of the solution of irradiated 
ergosterol in ethyl oleate does not fall appreciably over a period of several weeks. 
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Table I. Colorimetric tests . 



Dilution 

Colorimetric 

Colorimetric units with 

Nature of the oil 

(%) 

units of the oil 

SbCl a reagent 

Salmon-body oil 

10 

5-0 yellow 

4-6 red 

Yellowish red tint without any 
blue , 


100 


0*4 red 

0*2 blue 

1*5 yellow 

Herring-body oil 

10 

— 

Yellowish tint changing to red 
after 1-2 min. 


100 

6*0 yellow 

1*0 red 

0*2 red 

0*5 yellow 

0-3 blue 

Red increasing after 1-2 min. 

Herring-body oil 

100 

0-0 red 

0*2 red 

(Schmidt-Nielsen) 


2*8 yellow 

0*6 yellow 

0*3 blue 

After standing 2 min. 

0*6 red 

0-9 yellow 

0*3 blue 

Basking shark-liver oil 
(Schmidt-Nielsen) 

10 


0*3 red 

0*6 yellow 

No perceptible blue 


100 

0*8 red 

4*0 yellow 

Forms a white precipitate 

Herring-liver oil 

10 

3*0 red 

0*2 blue 

0*2 yellow 

11*2 blue 
— yellow 

Salmon-liver oil 

10 

30*0 yellow 

7*5 red 

59-0 blue 

13*6 yellow 




Fig, 2. Herring-body oil. 
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Salmon-body oil did not produce any appreciable amount of growth in any 
of the five rats employed, in doses of 10, 50 or 100 mg. Four of these rats 
showed a normal response when later the supplements were changed to 2 mg. 
of salmon-liver fat (Fig. 1). Rat No. 14, however, rapidly declined in weight, 
had acute ophthalmia of both eyes and died after 13 days. Ophthalmia was 
also acute in rat No. 10, of a moderate degree in rat No. 4, and only as a trans¬ 
lucent film on thg cornea of rats No. 15 and No. 16. 
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Table II. Biological tests. 


Nature of the oil 

Rat No. 

Sex 

Hose 

(mg.) 

Total time Total change 
of test in weight 

(days) (g.) 

Average 
growth 
per week 
(*) 

Salmon-body oil 

10 

d 

10-0 

27 

- 4 

- 1*0 

14 

d 

10-0 

13 

- 11 

- 5-9 


4 

$ 

50-0 

17 

+ 4 

+ 1*6 


15 

d . 

100*0 

20 

- 6 

- 2*1 


16 

9 

100*0 

20 

+ 2 

4- 0*7 

Herring-body 

37 

d 

10*0 

42 

+ 10 

4* 1*6 

oil 

42 

d 

10*0 

6 

- 2 

- 2*3 


57 

9 

10*0 

7 

- 4 

- 4*0 


34 

d 

50*0 

25 

- 1 

0*0 


36 

d 

100*0 

24 

0 

0*0 

Herring-body 

33 

d 

30*0 

67 

+ 9 

+ 0*9, 

oil (Schmidt- 

56 

9 

100 

10 

- 20 

- 14*0 

Nielsen) 

71 

d 

10*0 

24 

~ 2 

- 0*6 


30 

d 

50*0 

25 

- 5 

- 1*4 


25 

d 

1000 

22 

- 20 

- 6*3 

Basking shark- 

36 

d 

1*0 

10 

- 10 

- 7*0 

liver oil 

41 

9 

2*0 

16 

- 14 

- 6*1 

(Schmidt- 

48 

9 

20 

65 

4- 25 

4- 2*7 

Nielsen) 

32 

d 

10*0 

23 

- 10 

- 30 


44 

9 

10*0 

10 

- 5 

- 3 5 


55 

d 

10*0 

15 

- 14 

- 6*5 


47 

9 

20*0 

16 

- 8 

- 3*5 

Herring-liver 

27 

d 

2*0 

19 ' 

4- 20 

4* 7*3 

oil 

26 

9 

4*0 

19 

4- 27 

+ 9*9 


28 

d 

4*0 

19 

4- 23 

4- 8*4 

Salmon-liver oil 

5 

d 

0*3 

33 

4 14 

4- 3*0 


6 

d 

0*5 

33 

+ 22 

4- 4*7 


21 

d 

1*0 

30 

+ 30 

4- 7*0 


23 

9 

1*0 

30 

+ 31 

4- 7*0 


13 

d 

2*0 

30 

4- 30 

4- 7*0 


' 24 

d 

2*0 

30 

+ 41 

4- 9*6 


4 

9 

2*0 

16 

+ 20 

4- 8*7 


15 

d 

2*0 

14 

4- 17 

4- 8*5 


16 

9 

2*0 

14 

+ 19 

4- 9*5 


32 

d 

2*0 

17 

+ 20 

4- 8*2 


41 

9 

2*0 

28 

+ 28 

4- 7*0 



Fig. 6. Salmon-liver oil. 


Herring-body oil was also tested in doses of 10, 50 and 100 mg. Some of the 
test rats showed a slight tendency to grow during the first two weeks, then 
became steady in weight and finally declined showing ophthalmia and other 
symptoms of vitamin A deficiency. Only rat No. 37 show^l an appreciable 
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degree of growth by increasing 20 g. in the first 20 days of the test. Later its 
weight declined, and it finally died on the 42nd day, having acute ophthalmia 
of both eyes dxxring the last week. 

Herring-hody oil obtained from Dr Schmidt-Nielsen was tested in the same 
doses as the other herring-body oil, but four of the rats showed no growth and 
generally rapidly declined in weight. Rat No. 33, however, like the one men¬ 
tioned in the last paragraph, put on weight in the first 3 weeks, then steadied, 
declined and died with all the symptoms of vitamin A deficiency. In view of 
such abnormal cases it is wise to maintain the test for at least 5-6 weeks before 
conclusions regarding the vitamin A potency are reached. The importance of 
a long test period has been emphasised by Coward and Key [1928] and 
Drummond and Morton [1929]. 

The liver oil of the basking shark was tested in doses of 1, 2, 10 and 20 mg. 
and gave negative results. Some of the rats after 3 weeks of declining weight 
were given 2 mg. of salmon-liver oil and promptly showed a very rapid response 
in growth (Fig. 4). 

The herring-liver oil gave normal growth in doses of 2-4 mg. (Fig. 5). The 
limited quantity of the oil did not permit further tests with smaller doses or 
for longer periods. 

The salmon-liver oil was as potent biologically as was to be expected from 
its colorimetric reaction. As the tests presented in Table II will show, it gave 
appreciable growth in doses of 0-3 and 0*5 mg. per day and a very good 
response in 1*0 and 2-0 mg. doses (Fig. 6). 

Discussion. 

The biological results are, we think, in reasonably good agreement with the 
colorimetric tests. The three body oils of herring and salmon, and the liver oil 
of the basking shark neither gave a positive colorimetric test nor showed 
activity in the biological tests. An average sample of cod-liver oil which induces 
normal growth by a dose of 2- 4 mg. per day shows colorimotrically about 
10 blue units in 10 % dilution. The herring-liver oil with 11*2 blue units is 
found to be biologically active in a dose of 2 mg. The salmon-liver oil which 
shows 59*0 blue units is active in 0*3 mg. dose. The results agree with each 
other as weM as can be expected, having regard to the variations to which the 
biological test is liable [Drummond and Morton, 1929]. 

The results of the colorimetric tests are similar to those recorded by 
Schmidt-Nielsen, except that he obtained 150-200 blue units for his sample of 
salmon-liver oil. In view of the probability that Schmidt-Nielsen refers his 
units to 20 % dilutions, as was originally proposed by Carr and Price [1926], 
it must be borne in mind that the intensity of the blue colour is not in strict 
mathematical relation to the dilution employed. In higher dilutions the curve 
slopes away from the intensity axis, i.e, the observed intensity is lower than 
the calculated one. This point has also been emphasised by Wokes and Willi- 
mott [1927, 1, 2]. .If an oil gives 10*0 blue units in 1 % dilution, it will usually 
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give values of the order of 60-65 units in 10 % dilution and not 100 units 
as would be expected, though the steepness of the curve varies with the in¬ 
dividual oils. The apparent disagreement between the two colorimetric tests 
for salmon-liver oil may arise because Schmidt-Nielsen refers his units to 20 % 
dilutions and obviously calculates them from a lower dilution. 

The biological results of Schmidt-Nielsen deviate very widely from ours. 
His animal tests led him to assign 50-100 units (U.S.P.) to a number of samples 
of herring-body oils, and 100 units (U.S.P.) to the sample he so kindly sent us 
for a comparative test. Our examination of this sample failed to detect the 
presence of appreciable amounts of vitamin A in doses as high as 100 mg. The 
sample of the basking shark oil prepared by him in June 1925, and tested 
biologically in his laboratory in the beginning of 1926, gave him a value of 
10,000 units (U.S.P.). Tested again in the middle of 1927, its biological value 
was only 500-1000 units (U.S.P.), whilst the colour test applied about the 
same time was negative. This same oil was tested by us in June 1929, and, as 
reported above, yielded both colorimetrically and biologically negative results. 
The sample of salmon-body oil tested by Schmidt-Nielsen was active to a 
degree represented by 20-30 units (U.S.P.) whilst our sample was inactive in 
doses up to 100 mg. His sample of the salmon-liver oil contained 600 units 
(U.S.P.) while the test carried out by us indicated an activity of the order of 
over 3000 units (U.S.P.). 

Recently Schmidt-Nielsen [1929] has published additional evidence in 
support of his view that there is no agreement between the colorimetric and 
the biological tests. These experiments cover several additional examples, 
namely, the body oil of halibut and the blubber oil of whale, both showing 
negative colorimetric tests and 30-40 biological units (U.S.P.): the liver oils 
of rabbit-fish and the little spinous dog-fish giving 0-2-1-5 blue units and 300 
biological units (U.S.P.): and the liver oils of salmon and halibut giving 200 
and 700 blue units respectively. In his first experiments Schmidt-Nielsen 
found the biological activity of these last mentioned oils to be of the same order 
as the common cod-liver oil, but in this communication he states that on 
extending his animal experiments to smaller doses they were found to be 
considerably richer in vitamin A, and one of them (halibut-liver oil) gave 
as much as 25,000 units (U.S.P.). 

Schmidt-Nielsen’s results can be grouped into two categories. In the first 
place there are the oils which, according to him, give a negative colour reaction, 

* but a varying, though appreciable, degree of biological activity. Such are the 
body oils of herring, sprat, mackerel, halibut and salmon, the blubber oil of 
whale, and the liver oils of the rabbit-fish, dog-fish, and basking shark. Some of 
these have only a very small degree of activity, 20-40 units (salmon and halibut- 
body oils and the blubber oil of whale). Others are rather more active, 50-100 
units (herring-body oils), whilst a third group possesses a moderate degree of 
activity, 300-1000 units (liver oils of the rabbit-fish, dog-fish and basking 
shark). 
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The other class consists of the liver oils of certain bony fishes, e.g. salmon 
and halibut, which give a very intense blue colour reaction but show a com¬ 
paratively low biological activity. 

We have confirmed Schmidt-Nielsen’s observation that the oils in the first 
category yield very weak or negative colorimetric tests. It is between the 
results of his biological tests and ours that the serious discrepancy arises, and 
it is not a simple matter to arrive at a satisfactory explanation, unless details 
of the tests employed in the two laboratories are closely compared, especially 
in regard to the breeding and diet of the stock animals, the length of the test, 
and range of doses tested, the number of animals employed to test each dose 
and the variations in response of individual animals. It is important, however, 
to remember that unless rather large numbers of animals are employed for 
each test, the results of biological experiments cannot be fairly expressed in 
such units as those proposed by the United States Pharmacopoeia. According 
to this unfortunately premature method of assay, a 10 mg. dose is equivalent 
to 100 units and one of 12 mg. to 80 units, if they both induce a weekly growth 
of the order of 2-4 g. In our experience it is a difficult enough matter in many 
cases to differentiate between the responses given by 10 and 20 mg. doses, and 
it is impossible to attach importance to values based on differences which would 
not bear critical examination. 

In view of the observations made in this laboratory on the sensitivity of 
the biological test [Drummond and Morton, 1929] the values of 20, 30 and 40 
units given to some oils by Schmidt-Nielsen have, in our opinion, no real 
significance. 

They can be interpreted as indicating that the oils in question are of low 
vitamin A value, but it is impossible to regard them in any sense as quantitative. 

Actually, we are inclined to attribute many of the apparent discrepancies 
between results of the biological tests carried out by Schmidt-Nielsen and those 
obtained by us to his applying the U.S.P. method of evaluation to unsuitable 
cases, namely those of oils of low vitamin A content. 

In view of the errors associated with the colorimetric assay, to which atten¬ 
tion has been drawn, and those of very much more serious dimensions that are 
almost inseparable from the biological test, unless very large numbers of 
animals are used, it seems unreasonable to seek an exact quantitative relation 
between the two methods. The nature of the relationship has been considered 
in a previous study [Drummond and Morton, 1929], and, bearing in mind the 
limitations of both methods, we consider that the results of the biological and 
colorimetric tests described in the present paper are in satisfactory agreement. 

In the biological tests, cases are sometimes encountered in which an appre¬ 
ciable amount of growth is observed during the first week or two in which 
the supplement is given. The growth is, in these cases, not maintained and is 
followed by a rather sharp decline and the sudden onset of deficiency symptoms. 
Such animals probably carry with them into the testing period a reserve of 
the vitamin which is not entirely depleted during the preparatory period. 
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The disagreement between Schmidt-Nielsen’s colorimetric and biological 
tests of the oils in the second category, namely, halibut and salmon-liver oils, 
is easily explained. It has been shown above that the results of his colori¬ 
metric tests, having been calculated from low dilutions, are much higher than 
their real values. The complete results of his biological experiments are not yet 
available, but in his later communication referred to above [Schmidt-Nielsen, 
1929] he has stated that these oils which he first believed to be of the same order 
of biological activity as a common cod-liver oil, having now been tested in 
smaller doses, prove to be much richer in vitamin A than he had expected. 
In the case of halibut-liver oil he obtained growth in daily doses of 0*04 mg. 
(25,000 units U.S.P.), which appears to be in good agreement with its colori¬ 
metric value. 

Summary. 

Schmidt-Nielsen, on the basis of a comparative colorimetric and biological 
assay for vitamin A of a number of fish oils, has claimed that there is no relation 
between the results obtained by the two methods, and consequently concluded 
that the blue colour reaction with AsC 1 3 or SbCl 3 is not specific for vitamin A. 

Six samples of fish-body and -liver oils, including two samples kindly 
supplied by Dr Schmidt-Nielsen, have been examined both colorimetrically 
and biologically for vitamin A. The results of animal tests agree within rea¬ 
sonable limits with those of the colorimetric method, although we make no 
claim that the colour reaction is specific. 

The disagreement between Schmidt-Nielsen’s results and ours is due possibly 
to differences of technique, and to his attempting to express the results of the 
biological test, which is liable to wide variations, in terms of the units proposed 
by the United States Pharmacopoeia. 

This is especially liable to lead to erroneous results when oils of low vitamin 
A content are examined. 

We wish to express our indebtedness to the Medical Research Council for 
a grant from which the expenses of this investigation were defrayed. 
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I. The preservative action of potassium metabisulphite 
and lemon rind oil. 

The first work on the preservation of the antiscorbutic vitamin was performed 
by Davey [1921 ], who found that lemon juice could be preserved satisfactorily 
at a low temperature (about 0°) by both potassium metabisulphite and lemon 
rind oil respectively. At laboratory temperature preservation was unsatis¬ 
factory in the case of metabisulphite, but reliable in that of rind oil. At 37°, 
neither rind oil nor metabisulphite was satisfactory. An interesting result of 
’Davey’s work lies in the fact that apparently 0*09 % metabisulphite is less 
satisfactory in its preservative effects on the antiscorbutic vitamin than is 
0*06 % metabisulphite. This suggests that metabisulphite (or actually sulphur 
dioxide) has a destructive effect on vitamin C. Delf [1925] states that lemon 
juice containing added metabisulphite retains its flavour well after storage for 
41 years at laboratory temperature, but that in the case of juice containing 
0*06 % metabisulphite, only one-sixth of the original antiscorbutic potency 
remained after this time. Over a period of time, the preservative effects of 
006 % metabisulphite and lemon rind oil respectively were similar, and were 
superior to that of 0*09 % metabisulphite. 

A survey of the literature on the behaviour of the antiscorbutic vitamin 
shows that it is relatively stable in acid solutions, but is destroyed rapidly in 
alkaline solutions in the presence of air [Harden and Zilva, 1918; Hess and 
Unger, 1919]. Oxidation has a definite destructive action on the potency 
of active solutions of vitamin C [Hess and Unger, 1921; Zilva, 1921; Dutcher, 
Harshaw and Hall, 1921]. Zilva [1923] finds that, whilst in the presence 
of air vitamin C is rapidly destroyed in alkaline solution, in the absence of 
air destruction is prevented. More recent work by Zilva [1927] shows that 
the stability of the antiscorbutic vitamin runs parallel with the presence 
of a reducing factor which he estimates by titration with phenolindophenol 
in neutral solution. Whilst the vitamin and the reducing factor are two* 
distinct substances, the reducing factor being destroyed more rapidly than 
vitamin C, he finds that in all cases there is a distinct parallelism between the 
two substances. In a later paper Zilva [1928] suggests that “ the stability of the 
antiscorbutic factor in lemon juice is conditioned by the presence of a reducing 
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principle and of a factor, the functioning of which is destroyed by heat. 
.. .The reducing property of the solution acted as a ‘reduction buffer’ for the 
antiscorbutic vitamin.” “Although acidity does not prevent the destruction 
of this last factor” (the heat-labile) “by heat, it exercises definite protection 
of the reducing and antiscorbutic principles after anaerobic heating.” Szent- 
Gyorgyi [1928] suggests that this reducing factor is identical with the hexuronic 
acid which he isolated from various juices and which plays an important 
function in peroxidase systems. 

The present investigation is an attempt to develop the work initiated by 
Davey and Delf, and to discover the conditions necessary for satisfactory 
preservation of vitamin C in lemon juice. 

Experimental. 

All samples of lemon juice used in this investigation were stored (while in 
the laboratory) in well-stoppered bottles (previously sterilised in a steamer) 
at room temperature. The temperature was const a nt between 15° and 18° during 
the tests. After storage, the juices were administered in daily (loses to young 
guinea-pigs of approximately 300 g. weight, kept on a basal diet of bran and 
oats with water ad libitum. Vitamins A and D were supplied daily in the form 
of cod-liver oil (0*05-0*1 g. daily per animal). On this basal diet the guinea- 
pigs grow well until the onset of scurvy. Immediately before administration, 
the juice was partly neutralised with calcium carbonate, a procedure which 
does not involve any destruction of the vitamin as was shown by a blank 
experiment. During the progress of the experiment, the characteristic symp¬ 
toms of scurvy were noted and post-mortem examinations were carried out on 
each animal. Throughout this series of experiments the presence or absence 
of characteristic haemorrhages and beading of rib junctions was taken as the 
decisive factor in diagnosing scurvy. 

As far as possible, the minimum protective dose of juice was used to define 
antiscorbutic potency. Where no actual determination of the minimum pro¬ 
tective dose was made, the time taken to develop scurvy on any particular dose 
of juice was assumed to give a reasonable idea of the antiscorbutic potency. It 
is, of course, realised that this latter procedure is only approximate, since 
guinea-pigs vary considerably in the time taken to show symptoms of scurvy. 
When, however, three or more guinea-pigs, receiving doses varying between 
1*5 and 3*5 cc., show symptoms of acute scurvy after 20-30 days, it is evident 
that the juice in question contains very little antiscorbutic vitamin. 

Comparative effects of potassium metabisulphite and lemon rind oil . 

Fresh lemons were cut in half and squeezed by hand on a glass squeezer. 
The expressed juice was filtered through fine muslin and was then kept in 
previously sterilised stoppered Winchester quart bottles. The required amounts 
of potassium metabisulphite and lemon rind oil were added to the respective 
samples as follows: 0*02 % potassium metabisulphite, 0*07 %, 0*275 %, 0*5 % 
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and LI % lemon rind oil. After storage for 2| months at room temperature 
the juices were administered to young guinea-pigs in daily doses ranging from 
1*0 cc. to 3*5 cc. (Table I). 

The results in Table I indicate that lemon rind oil is a better preservative 
than 0*02 % potassium metabisulphite from the point of view of gross 
fermentation and mould growth as well as from that of antiscorbutic potency. 
Moreover, it is seen that although the juices preserved with 0*275 % rind oil 
and above are better preserved in the gross sense, they are if anything slightly 
less potent in vitamin C than the juice preserved with 0*07 % rind oil, i.e . one- 
sixteenth of the proportion of rind oil to juice normally present in the average 
fresh lemon. 

Following on this, samples of lemon juice were obtained from Sicily, pre¬ 
served with 0*04 % potassium metabisulphite and 0*07 % and 0*275 % rind 
oil to test the relative preservative action of rind oil and metabisulphite under 
commercial conditions. In addition, a further sample was sent over in a cask 
which had been fumigated with a weak sulphur fume (S0 2 ) immediately before 
the juice was introduced into the cask. This last sample contained no other 
preservative. With the exception of the juice preserved with 0*04 % potassium 
metabisulphite, all the samples had fermented as was evidenced by the escape 
of gas when the samples were opened. It is to be noted that 0*04 % meta¬ 
bisulphite is a satisfactory preservative against gross fermentation, whereas 
0*02 % metabisulphite, as used in the previous experiment, is unsatisfactory. 
Table II summarises the condition of the various samples of juices on arrival. 


Sample of 
juice 
A 
B 
C 
D 


Table II. Condition of preserved juices . 


Treatment 

Preserved with 0 04 % metabisulphite 
„ „ 0*07 % rind oil 

„ „ 0-275 % „ 

Cask sulphured 


Condition 

No fermentation: juice clear 
Juice cloudy: some fermentation 

V 99 

Juice cloudy and fermented 


As preservatives against fermentation, rind oil and mere sulphuring of the 
cask are definitely inferior to 0*04 % potassium metabisulphite. Only in the 
case of 0*04 % potassium metabisulphite was a palatable juice obtained. 

From the date of pressing until the commencement of the experiment 
about a month elapsed. During this time the juices were exposed to the treat¬ 
ment ordinarily undergone by commercial imported lemon juice. Doses ranging 
from 1*0 cc. to 3*0 cc. each of the four samples were administered to the test 
guinea-pigs (Table III). 

From these results it will be seen that the findings of the laboratory 
experiment are confirmed under commercial conditions with respect to the 
effect of metabisulphite and rind oil on the antiscorbutic vitamin. Here again 
the juice preserved with 0*07 % rind oil appears to be slightly more potent in 
vitamin C than that preserved with 0*275 % rind oil. An interesting fact is 
found in connection with the potency of the sample kept in a cask which had 
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merely been fumigated with sulphur dioxide. Here the concentration of sulphur 
dioxide was such as to be practically undetectable. This juice had preserved a 
high proportion of its antiscorbutic potency, in contradistinction to the sample 
preserved with 0*04 % potassium metabisulphite. These facts show definitely 
that potassium metabisulphite tends to destroy the antiscorbutic potency of 
lemon juice; if not directly, by reacting with some factor on which the stability 
of vitamin C depends. That this latter explanation is probably the case will, it 
is hoped, be shown in a later paper when the effect of potassium metabisulphite 
on the loss of reducing power of lemon juice is reported. 


Table III. Preservative action of 'potassium metabisulphite and lemon rind oil . 






Dura¬ 







tion 







of 


Minimum 




Dose 

exp. 


protective 

Sample 

Animal 

Sox 

(cc.) 

(days) Poxt-mortem and general conclusions 

dose (cc.) 

A. Lemon 

395 

9 

10 

52 

Acute scurvy—extensive haemor¬ 

> 3*0 

juice + 





rhages 


0-04 % 

329 

9 

1*5 

43 

Acute scurvy—extensive haemor¬ 


metabi- 





rhages 


Bulpliite 

312 

3 

20 

60 

Acute scurvy—extensive haemor¬ 







rhages 



320 

9 

2-5 

46 

Acute scurvy—extensive haemor¬ 







rhages 



318 

3 

30 

74 

Acute scurvy—extensive haemor¬ 







rhages 


B. Lemon 

340 

9 

10 

24 

Acute scurvy—extensive haemor¬ 

20-2*5 

juice + 





rhages 


0-07 % 

345 

9 

1-5 

98 

Slight scurvy—slight haemor¬ 


rind oil 





rhages, femur 



347 

3 

2-0 

98 

Very slight beading of rib junction. 







No haemorrhages 



324 

9 

2-5 

98 

Quite normal and healthy 



327 

3 

3*0 

98 

Quite normal and healthy 


C. Lemon 

361 

9 

1*0 

30 

Scurvy—slight haemorrhages 

2*5 

juice -f 

349 

3 

1*5 

99 

Slight scurvy—slight haemor¬ 


0 275 % 





rhages 


rind oil 

343 

9 

2-0 

87 

Slight scurvy—liver and kidney 







diseased 



346 

<5 

2*5 

99 

Quite normal and healthy 



341 

9 

3*0 

99 

Quite normal and healthy 


D. Lemon 

300 

3 

1*0 

98 

Slight scurvy—slight haemor¬ 

20-2*6 

juice in 





rhages 


sulphured 

333 

9 

1*5 

91 

Slight scurvy—haemorrhages, fe¬ 


cask 





mora, etc. 



322 

9 

20 

98 

Very slight scurvy—very slight 







haemorrhages 



310 

9 

2*5 

98 

Quite healthy 



342 

9 

30 

98 

Quite healthy 



It has been stated that, except in the case of the juice preserved with 0*04 % 
potassium metabisulphite, the samples of imported lemon juice had fermented 
and were rather, unpalatable. Davey [1921] and Zilva [1924] have stated 
previously that the sugar in lemon juice may all be fermented without any 
appreciable destruction of the antiscorbutic fraction.* This is the case in the 
samples of juice used in this experiment. Whilst potassium metabisulphite (or 
sulphur dioxide) is undoubtedly the best preservative of lemon juice from the 
point of view of fermentation, it tends to destroy the antiscorbutic vitamin. 
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The rate of loss of antiscorbutic potency of lemon juice preserved 
with 0-04 % potassium metabisulphite . 

It has been shown above that at laboratory temperature, lemon juice 
preserved with 0*04 % potassium metabisulphite for approximately 1 month 
had lost at least 50 % of its antiscorbutic potency. It is of interest to determine 
how quickly the antiscorbutic potency of lemon juice preserved with meta¬ 
bisulphite is lost. 

A three weeks’ supply of lemon juice was pressed weekly, the pulp being 
removed by filtration through muslin. The requisite amount of potassium 
metabisulphite was added. Three lots of guinea-pigs were taken for this experi¬ 
ment and daily doses of 1*5, 3*0, and 4*5 cc. were given. At the end of the first 
week, the juice was administered to one lot of guinea-pigs and continued for a 
week. They received juice which had been preserved an average of 10-11 days. 
At the end of three weeks the second set of guinea-pigs received the juice; this 
was given for 1 week so that the juice they received had been preserved an 
average of 25 days. The third set of guinea-pigs received the juice after 5 weeks; 
this juice was preserved for an average of 39 days. By this means the loss of 
vitamin C potency in the juice was followed over a period of 39 days (Table IY). 

Table IV. 

Dura¬ 
tion of 


Juice 

Animal 

Sex 

Dose 

(cc.) 

exp. 

(days) 

Post-mortem and general conclusions 

Preserved 

451 

$ 

1*5 

96 

No scurvy—healthy 

11 days 

452 

9 

30 

96 

No scurvy—perfectly healthy 

453 

9 

4*5 

96 

No scurvy—perfectly healthy 

Preserved 

455 

0 

1*5 

36 

Acuta scurvy—severe extensive haemorrhages and 
beading of rib junctions 

Acute scurvy—severe extensive haemorrhages and 

25 days 

454 

c? 

30 

72 


456 

9 

4*5 

94 

beading of rib junctions 

No scurvy haemorrhages: very slight beading of rib 

Preserved 

460 

9 

♦ 1*5 

24 1 

29 } 

291 

junctions: apart from digestive disorders quite 
healthy 

Severe extensive haemorrhages and beading of rib 

39 days 

462 

9 

3*0 

junctions 

461 

9 

4*5 

Acute scurvy 


From Tabic IV it will be definitely seen that the loss of antiscorbutic 
potency of lemon juice preserved with 0*04 % metabisulphite proceeds with a 
measurable velocity. It is hoped to demonstrate in a later paper that this loss 
of vitamin potency is to a certain extent parallel with the loss in reducing 
power of lemon juice preserved under identical conditions. The fact that vitamin 
potency and reducing power are present together has been noted previously 
by Zilva [1927]. 

II. The effect of acidity on the preservation of vitamin C. 

It is a generally established fact that vitamin C is more stable in acid 
solutions than in alkaline solutions [cl Zilva, 1923]. Moreover, high acidity 
also inhibits the growth of most bacteria and moulds. It was thought, therefore, 
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that an addition of acid to lemon juice would serve as a preservative both for 
the antiscorbutic vitamin and also against gross fermentation. With this end 
in view, a sample of juice made up to p u 1-6 with hydrochloric acid was im¬ 
ported from Sicily. On its arrival (about 1 month after pressing) the juice was 
examined and fed to test guinea-pigs (Table V). 

Table V. The preservative action of hydrochloric acid in lemon juice . 

Dura¬ 
tion 
of 

Dose eyp. 

Animal Sex (cc.) (days) Post-mortem and general conclusions 

316 $ 1*0 92 No apparent scurvy—slight haemorrhages on jaw, 

otherwise healthy 

335 $ 1*5 92 No apparent scurvy—slight haemorrhages on jaw, 

otherwise healthy 

308 $ 2-0 92 No apparent scurvy—slight haemorrhages on jaw, 

otherwise healthy 

311 <$ 2-5 92 Quite normal and nealthy 

319 $ 3*0 92 Quito normal and healthy 

From this table, lemon juice preserved for 1 month with 0-3 % HC1 
(p H 1-6) was as potent as fresh lemon juice as an antiscorbutic. It was not 
preserved in the gross sense however. The juice on arrival was yellow, cloudy 
and fermented. This sample of juice was tested for its antiscorbutic potency 
after a further 12 months’ storage and was found to have preserved its potency 
intact, 1*5 cc. being a protective dose for a guinea-pig. 

It was next deemed desirable to ascertain whether there was an optimum 
acidity for the stability of the antiscorbutic vitamin, when kept under ordinary 
laboratory conditions, and whether the acidity of the juice could be increased 
still further to inhibit mould growth and fermentation, at the same time 
maintaining a palatable juice rich in the antiscorbutic vitamin. 

Fresh lemons were squeezed and the juice obtained as described above. 
Samples were adjusted to p H 1-8, 1*4, 1*0 and 0*6 with pure HC1, whilst one 
sample was made up to p H 3-0 with alkali. These samples together with a sample 
of ordinary (unpreserved) lemon juice were kept at room temperature (15°- 
18°) for 7-8 months in sterilised bottles, at the end of which time they were 
fed in doses corresponding to 1-0-3-0 cc. to young guinea-pigs. Immediately 
before administration to the test animals, the various samples were brought 
to the samep H , namely that of fresh lemon juice (p n 2-2) with standard alkali 
(or acid in the case of the less acid juice), the dilution of the juice being allowed 
for in the calculation of the size of dosage (Table VI). 

It is apparent from Table VI that vitamin C is destroyed both in the more 
acid solutions above p H 1-8 and in the solution at p H 3-0, though in the last 
case to a much smaller extent. In the solutions of p H 1-4 and less it appears 
that the vitamin is completely absent. 

On keeping these solutions it was noted that in addition to the precipitate 
of pulpy material which invariably shows itself in solutions of lemon juice, a more 
flocculent precipitate appeared. The bulk of this precipitate increased as the 


Sample 
Lemon 
juice -f 
0-3 % HC1 
(Pa 1-6) 



Table VI, The effect of avidity on the stability of vitamin C. 
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latter solutions developed a dark brown colour, the depth of which also varied 
with increase in acidity. This is possibly evidence of hydrolysis of the protein 
and carbohydrate of the juice. In these latter solutions no evidence of mould 
growth or fermentation was detected, whereas in the solutions at 1*8 and 2-2 
a slight growth of mould was noted. No great degree of discoloration took 
place in these two solutions. In the juice adjusted to p u 3*0 mould growth 
and strong evidence of alcoholic fermentation were noted. The main result of 
this experiment is that the antiscorbutic vitamin system is shown to be most 
stable in the region of the natural p n of lemon juice, i.e. p n 1-8-2-2. 

To test whether any precipitation of the vitamin took place in the more acid 
solutions of juice (p H 1*4 and above), the residues of these juices were made up 
with distilled water to a total volume which was § of the original juice pre¬ 
served. Immediately before administering to test animals, the samples were 
shaken up well to ensure perfect mixing. 10 cc. of each sample were taken and 
brought to the normal p u of lemon juice, the final volume being in each case 
20 cc. Daily doses of 2-0 cc., 4*0 cc. and 6*0 cc., corresponding to 1*5, 3*0, 
4*5 cc. of the original juice were given, the usual technique being followed. 
Precautions were taken to ensure that representative samples were given to 
the test animals, by mixing between each dosage (Table VII). 

Table VII. Residues of juice from experiments in Table VI. 

Dura¬ 
tion of 

Sample of Animal Sex Dose exp. 

juice (cc.) (days) Post-mortem and general conclusions 

Residue from 429 $ 1-5 19 All these guinea-pigs were found to show severe 

juice + HCl 430 3*0 19 extensive haemorrhages and beading of oosto- 

Pn 0*0 424 $ 4*5 22 chondral junctions. Acute scurvy 

Residue from 427 $ 1*5 19 

juice + HC1 435 j 3*0 22 

Ph 1-0 423 $ 4-5 19 

Residue from 434 £ 1*5 22 

juice + HCl 437 £ 30 22 

Pu 1*4 428 $ 4*5 19 

From this it will be seen that precipitation of the antiscorbutic vitamin does 
not take place in acid solution but that complete destruction of this factor occurs. 

III. The effect of other preservatives on the antiscorbutic 
potency of lemon juice. 

Formic acid and sodium benzoate. 

Two samples of lemon juice, preserved with 0*05 % sodium benzoate and 
0-25 % formic acid, respectively, were obtained from Sicily. On arrival in the 
laboratory both of these samples had fermented slightly as was evidenced by 
the escape of gas when the samples were opened. It was apparent that the 
preservation against gross fermentation exhibited by these two acids is inferior 
to that by similar amounts of sulphur dioxide in the form of potassium meta¬ 
bisulphite. Moreover, the palatability of the juices preserved by sulphur dioxide 
was superior to that of those preserved by sodium benzoate and formic acid. 
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From the time of pressing until the commencement of the animal feeding 
tests about a month elapsed. Doses Ranging from 1*0 cc. to 3*0 cc. of each of 
the two samples were administered to the test guinea-pigs (Table VIII). 

Table VIII. Preservative action of sodium benzoate and of formic add. 

Dura¬ 

tion 

of 


Sample 

Animal 

Sex 

Dose exp. 
(cc.) (days) 

Post-mortem and general conclusions 

Lemon 

332 

<J 

10 

50 

Slight femoral haemorrhages, sub-maxillary and jaw 

juice + 
0-05 % 

334 

$ 

1-5 

50 

more severe—scurvy 

Severe haemorrhages—acute scurvy 

sodium 

344 

S 

2-0 

74 

Extensive haemorrhages—acute scurvy 

benzoate 

309 

$ 

2-5 

88 

Found dead: haemorrhages and emaciated con¬ 


321 

? 

30 

74 

dition— scurvy 

Extensive hat morrhages—acute Bcurvy 

Lemon 

307 


10 

43 

Extensivo haemorrhages—acute scurvy 

juice -f 

328 

<J 

1-5 

57 

Extensive haemorrhages—acute scurvy 

0*25 % 

326 

6 

2*0 

60 

Extensive haemorrhages —acute scurvy 

formic 

317 

3 

2-5 

86 

Haemorrhages—slight scurvy 

acid 

314 


3*0 

96 

Haemorrhages—incipient scurvy 


It will be seen that 0*05 % benzoic acid and 0*25 % formic acid are as 
inefficient as 0*04 % metabisulphite as preservatives of the antiscorbutic 
vitamin. Furthermore, they keep the juice neither palatable nor of good 
colour. 


Essential oil of cloves. 

Essential oils, such as oil of cloves, which have mild antiseptic properties, 
have been used for the preservation of wine and other substances which suffer 
deterioration from fermentation. A sample of juice pressed in the laboratory 
and preserved with 0*1 % oil of cloves was kept for 1-5 weeks at room tem¬ 
perature. No signs of mould growth or fermentation could be detected and 
the sample of juice was palatable and of good colour (Table IX). 


Table IX. Preservative action of oil of cloves. 

Dura¬ 

tion 

of 





Dose 

exp. 


Sample 

Animal 

Sex 

(cc.) 

(days) 

Post-mortem and general conclusions 

Juioe + 

0-1 % oil 

419 

0 

1-5 

23 

Extensive haemorrhages and beading of rib junctions 
—acute scurvy 

of cloves 

412 

o 

2-0 

23 

Extensive haemorrhages and beading of rib junctions 
—acute scurvy 


421 

$ 

2-5 

23 

Femoral haemorrhages: slight beading of rib junc¬ 
tions—scurvy 


422 

$ 

30 

23 

Femoral haemorrhages: slight beading of rib junc¬ 
tions—scurvy 


It will be seen that a daily dose of 3*0 cc. of lemon juice preserved with 
0*1 % oil of cloves is insufficient to protect against scurvy over 23 days. In 
fact, it appears that th6 antiscorbutic potency is lost as completely as with 
potassium metabisulphite 



PRESERVATION OF VITAMIN C IN LEMON JUICE 


47 


Glucose and sucrose. 

Since sugars and syrups are employed in the preparation of concentrated 
and dried fruit juice, it appeared advisable to test whether sucrose and glucose 
acted as preservatives for vitamin C in fresh lemon juice. 

Small samples (400 cc.) were placed aside in March 1928, preserved with 
30 % glucose, 10 %, 20 %, 30 % and 50 % sucrose. 

In February 1929, i.e . 11 months after storage, the appearance of the juices 
was noted (see Table X). 

Table X. 

Sample Appearance Remarks 

Juice + 30 % glucose Slight mould All the samples smelt as if slightly 

Juice + 10 % sucrose Slight mould fermented and there was a slight 

Juice + 20 % sucrose Slight mould gas evolution 

Juice 4 30 % sucrose No mould 

Juice 4- 50 % sucrose No mould 

Daily doses of 1-5 cc. and 3-0 cc. of three of these samples, lemon juices 
preserved with 30 % glucose, 10 %, and 30 % sucrose respectively were fed 
to experimental guinea-pigs, the usual technique being followed (Table XI). 

Table XI. Preservative action of glucose and sucrose respectively. 


Dura¬ 

tion 

of 





Dose 

expt. 


Juice 

Animal 

Sex 

(cc.) 

(days) 

Post-mortem and general conclusions 

Lemon 

445 

s 

1-5 

24 

Scurvy. Femoral and costochondral haemorrhages and 

juice 4* 





beading 

10% 

447 


30 

21 

Acute scurvy. Severe extensive haemorrhages 

sucrose 






Lemon 

448 

9 

1*5 

19 

Acute scurvy. Femoral haemorrhages and beading of 

juice 4 - 





costochondral junctions 

30 % 

449 

9 

3*0 

19 

Acute scurvy. Femoral haemorrhages and beading of 

sucrose 





costochondral junctions 

Lemon 

444 

9 

1-5 

26 

Very small haemorrhages, femur and costochondral 

juice 4 - 





junctions: no beading or other scurvy symptoms. 

30% 





Emaciated condition 

glucose 

446 

9 

3*0 

48 

No characteristic scurvy, haemorrhages or beading. 


Very emaciated condition 


Judging from the condition of the samples of lemon juice, the various 
concentrations of sugar were sufficient to inhibit to a great extent the growth 
of bacteria and moulds. This is in virtue of the osmotic effect. When the anti¬ 
scorbutic potency of the juices is compared an interesting difference between 
the behaviour of the two sugars, sucrose and glucose, is noted. 

The juices preserved with sucrose had lost all their antiscorbutic potency, 
the test animals having developed acute scurvy within 3 weeks. Unfortunately 
the test of the juice containing glucose could not be carried to a conclusive 
point as the animals became emaciated and suffered from digestive troubles, 
probably as the result of the high concentration of glucose. Whilst it cannot 
be said definitely that glucose is a good preservative for the antiscorbutic 
vitamin, it is obvious that there is an essential difference between the reducing 
sugar, glucose, and the non-reducing sugar, sucrose, in connection with 
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vitamin C. The animal receiving 1-5 cc. of the juice containing glucose showed 
no definite signs of scurvy after 26 days, while that receiving 3-0 cc. showed no 
symptoms after 48 days. It may be gathered therefore that this sample of 
juice retained a fair amount of its antiscorbutic potency, but no definite 
conclusions can be drawn. 

Discussion. 

Table XII summarises the results on the effect of various preservatives 
on lemon juice given in the present paper. 

These results are very striking. They indicate that those substances which 
exert the strongest preservative effect against gross fermentation possess the 
greatest destructive action on the antiscorbutic vitamin system. The juice 
which contained no added preservative retained its antiscorbutic potency to 
a great extent. The results with acid are particularly significant, since they 
indicate that the antiscorbutic vitamin is extremely unstable under conditions 
which are detrimental to the development of moulds and bacteria. 

Summary. 

1. Potassium metabisulphite, whilst being the best preservative for lemon 
juice against fermentation, has a definite destructive action on the antiscor¬ 
butic vitamin at laboratory temperature (15° 18°). This destruction proceeds 
with a measurable velocity. 

2. Lemon rind oil, whilst not preserving lemon juice satisfactorily against 
fermentation at ordinary temperature (15—18°), is less destructive towards 
vitamin C than potassium metabisulphite. A concentration of 0-07 % rind oil 
preserves the vitamin potency slightly better than 0-275 % rind oil, indicating 
that rind oil has a slight destructive action on the vitamin system. 

3. The optimal zone of stability of the antiscorbutic vitamin in lemon 
juice at ordinary temperature lies between p H 1 *6-2-2, that is, in the neigh¬ 
bourhood of the natural acidity of lemon juice. 

4. Lemon juice adjusted with HC1 to 1-6 preserves its antiscorbutic 
activity for 14 months at ordinary temperatures. 

5. Sodium benzoate and formic acid exert a destructive action on vitamin C. 

6. Oil of cloves exerts a destructive action on the antiscorbutic vitamin 
comparable with that of 0-04 % potassium metabisulphite. 

7. Sucrose fails to preserve vitamin C in lemon juice. Indications are given 
that glucose may exert a preservative action on the vitamin. 

8. It is pointed out that the antiscorbutic vitamin system is particularly 
unstable under conditions detrimental to the development of moulds and 
bacteria. 

The authors wish to thank the Directors of Messrs J. and J. Colman, Ltd., 
for permission to publish the results contained in this paper. Their thanks are 
also due to Miss E. G. Robotham for her careful supervision and feeding of the 
test animals. 
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VI. THE PREPARATION OF GLUTATHIONE 
FROM YEAST AND LIVER. 

By NORMAN WINGATE PIRIE. 

From the Biochemical Laboratory , Cambridge . 

(Received December 2nd , 1929.) 

Various workers have published modifications of the original Hopkins [1921] 
method for the preparation of glutathione without increasing markedly either 
the ease of the method or the purity of the final product. Hopkins [1929] 
obtained pure crystalline glutathione by a very much simplified technique in 
which the precipitation of glutathione as its crystalline cuprous salt was the 
most important feature. The still more simple method now to be described 
depends entirely for its success on the extreme specificity of this cuprous oxide 
precipitation in acid solution. 

The yield of glutathione by the Hopkins [1929] method is very variable 
although always large; it appeared that the yield became smaller when large 
(| cwt.) quantities of yeast were used than when only a few kilograms were 
worked up at a time. This loss seemed to be due to the difficulty of washing 
a large mercuric sulphide precipitate so as to remove all the adsorbed gluta¬ 
thione. An attempt was therefore made to dispense with the precipitation 
with mercuric sulphate. 

The extract obtained on boiling yeast in water was found to give an un¬ 
satisfactory cuprous salt when cuprous oxide was added directly to the acidified 
filtrate. Treatment with quantities of alcohol varying from 2000 to 150 cc. 
per kg. of pressed yeast was also unsatisfactory, although a filtrate rich in 
glutathione, as estimated by the method of Perlzweig and Delrue [1927], was 
obtained. The filtrates obtained from mixtures of pressed yeast with common 
salt, ammonium sulphate or small quantities of 30 % sulphuric acid contained 
very little glutathione. 

It was observed that the addition of a little ether to pressed yeast resulted 
in the formation of a smooth cream after a few hours' standing. This was very 
difficult to filter but filtration was much improved by the addition of sulphuric 
acid; acid has the further advantage of diminishing autoxidation in the filtrate. 
In the final method adopted a mixture of alcohol, ether and sulphuric acid is 
used, the concentration of sulphuric acid must be high both on account of the 
great buffering power of yeast and also to prevent frothing which occurs in 
mixtures of yeast, alcohol, ether and insufficient sulphuric acid. This mixture 
filters somewhat slowly but centrifuges easily and where the latter method of 
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treatment is possible it is to be recommended. By this method the preparation 
of glutathione is remarkably easy and, using small quantities of yeast, crystal¬ 
line glutathione may easily be obtained in 3 days. 

Since this work was completed Kendall, McKenzie and Mason [1929] have 
published a method of preparation in which benzene is used to liberate the 
glutathione from yeast. I had tried toluene and butyl alcohol, adding 5 cc*. 
to 100 g. of pressed yeast, but abandoned them in favour of ether. 

Experimental. 

20 cc. of concentrated sulphuric acid are added slowly to 100 cc. of 89 % 
alcohol, the mixture being kept cool; when cold 80 cc. of ether are added. This 
mixture is poured on to 2000 g. of pressed baker's yeast, coarsely crumbled, 
in a large jar. The mixture is stirred for a few minutes till homogeneous and 
poured on to two large Buchner funnels (it is necessary to put kieselguhr on 
the papers to get clear filtration). Filtration is somewhat slow and after about 
4 hours nearly stops, at this point it is best to pour the fluid upper layer on to 
another funnel and allow the cake to suck dry for a few hours more. Too high 
a vacuum should not be maintained in the filter flask at first since the filtrate 
froths as the ether boils off. 

The combined filtrate amounts to about 1100 cc., a sample is titrated with 
sodium hydroxide using Congo red as indicator (the filtrale is generally just 
acid to Congo red) and the amount of 20 % sulphuric acid necessary to bring 
the filtrate to 0*5 N is added. 

Prccipitalion with cuprous oxide is carried out as m Hopkins's method. 
The reaction proceeds satisfactorily at 20° but is somewhat more rapid at 40'. 
About 1 g. of cuprous oxide is required and this is most conveniently added in 
2 cc. lots when suspended in about 30 cc. water. When about half the cuprous 
oxide has been added the salt should be allowed to settle and the mother-liquor 
poured off for further addition of oxide. At a later stage the addition of cuprous 
oxide will cause the re-solution of some of the cuprous-glutathione compound 
alieady formed; when this occurs the cuprous salt may be reprecipitated by 
blowing air through the solution for about an hour. The precipitate rcdissolves 
on very prolonged aeration Although flocculent and amorphous this compound 
has the normal copper content (17*0 %) and gives crystalline glutathione on 
decomposition. 

A further quantity of glutathione may be extracted from the yeast by 
1000 cc. of 1 % (by vol.) sulphuric acid warmed to about 40°. Mixing is most 
easily effected by hand and the filtrate is treated precisely as before. A third 
extract prepared in the same way will also give some cuprous salt. The eom- 
feped extracts from which the cuprous salt has been separated give a copious 
precipitate with the mercuric sulphate reagent used by Hopkins. This, after 
remoWl of the mercury with H 2 S, gives a further yield of cuprous salt. 

AftOT^preliminary washing on the centrifuge with 0*5 N sulphuric acid 
the cuprous'Nlg'lt must be washed with water till the washings are free from 
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sulphate. This is very laborious if a centrifuge is used since the washing must 
be repeated about ten times. Washing may be carried out by filtration if the 
surface at which filtration is occurring is situated above instead of below the 
precipitate to be washed. A convenient device may be made with two Jena 
sintered glass filters (as some filters of grade 3 allow the precipitate to pass, it is 
safer to use grade 4) of a suitable size. The cuprous salt is put in one and the 
other placed upside down on top, a watertight joint being made with a piece 
of wide rubber tubing. The lower funnel is connected to a reservoir of distilled 
water about a metre above it and the upper one is attached to a flask and 
filter pump. Washing is continued till the filtrate is free from sulphate and 
remains so on shaking the filtration apparatus. 

After decomposition with H 2 S the filtrate from cuprous sulphide is eva¬ 
porated to small bulk in a vacuum desiccator at room temperature. If the 
volume of filtrate is too large for this and it is essential to distil in vacuo to 
concentrate the solution, a good pump should be used and the distillation 
carried out at about 25°. Hopkins (unpublished work) has shown that a solu¬ 
tion of wholly crystalline glutathione is converted in part to a gummy material 
by a few hours’ exposure to a temperature of 40°. Crystallisation is generally 
spontaneous but should the solution reach a syrupy consistency without the 
appearance of foci rubbing with a glass rod will start crystallisation. 

By this method 2 g. of crystalline glutathione are obtained from 2 kg. 
yeast. From 25 kg. yeast 31 g. glutathione, of which 29 were perfectly crystal¬ 
line, were obtained. In this case only 7 g. came from the decomposed 
mercury precipitate. This probably represents glutathione which was autoxi- 
dised during the initial filtration and, when small quantities are used, or if 
the mixture is centrifuged, the extra yield does not repay the labour involved 
by mercury precipitation. 

The same method has been applied satisfactorily to liver. In the case of 
rabbit liver, 20 cc. of the alcohol-ether-sulphuric acid mixture are added to 
.100 g. fresh tissue and the mixture is ground to a smooth paste with a little 
sand. The filtrate generally requires refiltration through ldeselguhr. Pig or 
ox liver is put through a mincing machine before the addition of the alcohol 
mixture. To avoid the autolytic formation of free cysteine in liver these pre¬ 
liminary operations are carried out as rapidly as possible and in every case the 
Pn of the tissue has been lowered, by the sulphuric acid, to about 2, i.e. out 
of the range of peptidase action, within 40 minutes of the death of the animal. 
None of the liver preparations has given any colour with, the Sullivan reagent 
under conditions such that 0-1 mg. cysteine hydrochloride could be detected 
clearly in the presence of 20 mg. glutathione. It would appear therefore that, 
as Bierich and Kalle [1928] hive suggested, only tiroes of free cysteine are 
present in fresh liver, since it has been shown in this laboratory that cysteine 
forms a cuprous salt similar to that of glutathione 1 . 

1 Glycylcysteine and prly cylcyateine diketopiperazino also form cuprous derivatives. I hope 
to describe these compounds in a paper at present in preparation. 
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On addition of the alcohol mixture, minced liver becomes dry and granular. 
It is therefore squeezed in a press and the extract, amounting to 1080 cc. from 
2300 g. of ox liver and 300 cc. of the alcohol mixture, filtered through kiesel- 
guhr. The filtrate is now treated exactly as in the case of yeast. Glutathione 
prepared from liver by this method is not wholly crystalline and the analytical 
figures have been somewhat low, e.g. N — 12-5 %, S = 9*93 %, while the ash 
is sometimes as high as 2 % (the analyses were made by Mr A. R. Colwell in 
this laboratory). The product seems however, as mentioned above, to be 
free from cysteine. 

Attempts to isolate glutathione by this method from muscle and blood have 
not so far given satisfactory results. 

Summary. 

A simple method for the isolation of glutathione from yeast is given. The 
yield is greater than by any of the methods described hitherto. 

The preparation of glutathione from liver is described. 

I am grateful to Sir F. G. Hopkins for his interest in this work. 
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VII. DETERMINATION OF VOLATILE 
SUBSTANCES. 

By GEORGE GAZENKO. 

From Prof. FromJioldt’s Laboratory of Propedeutics , State University , Moscow. 

(.Received December 11th , 1929.) 

The quantitative determination of volatile substances in solution cannot be 
always considered satisfactory for many reasons. 

Some methods of measuring the amount of ammonia (Schloesing) require 
some days for their execution. Folin’s method of blowing air through the solu¬ 
tion in the cold is attended with some risk of losing a part of the substance with 
too rapid an air current. The same danger is observed in the measurement of 
preformed acetone by the formation of iodoform. 

Starting from Folin’s method, it was decided, in order to eliminate all 
possibility of loss of the substance to be determined, to enclose the whole 
system, as is done in Regnault’s respiration-chamber. A special apparatus was 
constructed based on the following prin¬ 
ciple. Through the liquor to be analysed 
air is passed, by means of an air-pump, 
which carries away the volatile substance 
and enters, in the form of small bubbles, 
the receiver containing a standard solu¬ 
tion in which it is absorbed. After passing 
through the standard solution the air is 
again pumped through the liquid by the 
same air-pump and circulates indefi¬ 
nitely. 

In this way the volatile substance, if 
not absorbed at first in the receiver, is 
repeatedly brought into contact with the 
standard solution and is finally completely 
absorbed. The circulation being effected 
in a closed system, the possibility of any 
loss of substance is eliminated. 

An experiment with our apparatus 
was executed on a standard solution of 
(NH 4 ) 2 S0 4 . be analysed 

The amount of ammonia had previously been determined by means of 




56 


G. GAZENKO 


simple distillation with sodium hydroxide and titration. 10 cc. standard 
solution neutralised 18-7 and 18-8 cc. of N /10 acid. 


Distilled 

10 cc. of standard solution 
(NH^SO* + 20 ec. 33 % 
NaOH without heating 
in our apparatus 


Time of distillation 
(min.) 

(1) 35 

( 2 ) 20 

(3) 15 

(4) 10 


Amount of 
N /10 H ? S0 4 
neutralised 
18*7 
18*7 
18-7 
18-7 


The figures for the determination of ammonia in three different urines 
by means of our apparatus and the method of Krueger-Eeich-Schittenhelm 
are as follows. 


25 cc. urine + 10-0 g. NaCl + 1-0 g. Na^CO a . 
Sobittenhelm adds some alcohol; we 
have used vaselin oil 


N/ 10 H,S0 4 neutralised 


Krueger 

With our 

method 

apparatus 

(1) 5-7 

5-9 

ft.ft 


5-6 

(2) 15-7 

15*9 


15-7 


UH 

(3) 13-7 

13-8 


13-8 


A series of experiments with varying quantities of alkali and with alcohol 
(as in the method of Krueger-Reich-Schittenhelm) did not show any advantage. 
Prolonged distillation (more than 20 minutes) with our apparatus did not 
increase the amount of H 2 S0 4 neutralised. 

Excellent results were obtained with the apparatus in the determination of 
acetone. 2 cc. of a standard solution of acetone in water required 3*8 cc. of 
N/10 iodine. From the same quantity of standard solution in our apparatus we 
have obtained the same result (3-8 cc.) in 10 minutes. (We have also obtained 
correct results with a micro-apparatus.) 

According to this, we are entitled to claim that the apparatus described 
above, in spite of its technical deficiencies, can be of great use owing to the 
simplicity of the methods used and the almost automatic character of its work, 
greatly shortening the time required for many analyses. 

There is no doubt that the closed circuit system can be utilised in other 
ways in work with volatile substances. 



VIII. THE DETERMINATION OF SUCROSE 
BY HANES’S MODIFICATION OF THE 
HAGEDORN-JENSEN METHOD. 

By ERNEST HAROLD CALLOW. 

From the Food Investigation Board of the Department of Scientific and 
Industrial Research and the Low Temperature Station, Cambridge . 

(Received December 18th , 1929.) 

Hagedorn and Jensen’s micro-method for estimating blood-sugar was 
modified by Hanes [1929] to make possible the estimation of larger amounts 
of sugar. Hanes standardised his new procedure for maltose as well as for 
glucose. It has now been found that the method is also applicable to sucrose. 

The first stage in the estimation of sucrose is inversion. A standard 
solution of invert sugar was prepared by the method of Ling and Rendle [1905J. 
0*95 g. of pure sucrose was dissolved in 150 cc. of distilled water; 30 cc. of 
0-5 N hydrochloric acid were added, and the mixture was heated to boiling 
point. Boiling was continued for 1 minute. The solution was then rapidly 
cooled, 30 cc. of 0-5 N sodium hydroxide were added and enough distilled 
water to make 500 cc. This solution was tested by titration with Fehling’s 
solution, using methylene blue as an internal indicator [see Lane and Eynon, 
1923], The concentration of the invert sugar was found to be exactly right, 
viz. 0*2 g. per 100 cc. 



cc. 0*01 N thiosulphate equivalent to ferricyanide reduced 
Fig. 1. 
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This standard solution of invert sugar was used to prepare more dilute 
solutions of known strength. The thiosulphate equivalent of known volumes 
of these dilute solutions was determined by the Hanes-Hagedorn-Jensen 
technique. The estimations were carried out exactly as described by Hanes 
except that the final volume was in each case made up to 15 ec. instead of 
10 cc. Concentrations of invert sugar between 0*2 and 3*5 mg. were used, six 
estimations being carried out for each concentration. The average of the six 
readings was used to construct the thiosulphate equivalent curve (Fig. 1). 
Since it is a straight line, there is a simple relationship between the thiosulphate 
equivalent and the invert sugar, viz. 1 cc. of 0*01 N thiosulphate is equivalent 
to 0*347 mg. of invert sugar or to 0*329 mg. of sucrose. 
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IX. STUDIES ON HEMICELLULOSES. 

I. THE HEMICELLULOSES OF WHEAT BRAN. 


By FREDERICK WALTER NORRIS and ISAAC ARTHUR PREEGE. 

From the Department of Biochemistry , University of Birmingham. 

(Received December 20th, 1929.) 

Introduction. 

The term hemicellulosc was first proposed by Schulze [1891] as a group name 
for substances entering into the composition of the cell membrane, which, 
though in some respects similar to cellulose, yet differ from it in being soluble 
in dilute alkalis and comparatively easily hydrolysed by dilute mineral acids, 
yielding pentoses in addition to hexoses. 

Although the true physiological significance of the hemicelluloses is for 
the most part obscure, it would seem that they represent partly structural 
and partly reserve materials. Thus, reserve hemicelluloses occur in the kernels 
of seeds, especially such as are poor in their content of starch and fat. In 
such cases, hexoses predominate among the products of hydrolysis. Hemi¬ 
celluloses fulfilling probably mainly structural functions occur in seed and 
fruit husks, wood, straw, etc. The results obtained by earlier workers seemed 
to indicate that such hemicelluloses were largely composed of pentose residues, 
xylose and arabinose being the chief hydrolysis products isolated. The recent 
work of O’Dwyer (see p. 60), however, has shown that the furfuraldehyde- 
yielding “uronic” acids occur in some, at least, of these hemicelluloses, and 
it may be that preponderance of pentose residues is not a universal property 
of substances of this group. 

A typical method of attack was that used by Schulze and Tollens [1892], 
who extracted wheat straw and maize stalks with dilute alkali, precipitating 
the filtrate with dilute acid. Hydrolysis of the product gave xylose in each 
case. Schulze [1892] similarly obtained both arabinose and xylose from the 
brans of wheat and rye. Ulander and Tollens [1906] obtained -mannose 
and d-galactose from certain reindeer mosses which contained no lichenin. 
Pentosans and methylpentosans were also present. Schulze and Pfenniger 
[1910], investigating the pods of Pisum sativum and Phaseolus vulgaris, found 
them to be rich in hemicelluloses, the amounts of which increased as the pods 
matured. The products of hydrolysis were galactose and arabinose. 

Baker and Pope [1900] obtained mannose and galactose from the hemi- 
cellulose of the Indian clearing nut, while the hemicellulose of the ivory nut 
they showed to be laevulo-mannan. Both these hemicelluloses are to be 
regarded as reserve substances. 
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A careful study of the hemicellulose of the wood of American white oak 
has been carried out by O’Dwyer [1923]. Sawdust from this wood was 
extracted with 4 % sodium hydroxide, the extract neutralised with glacial 
acetic acid, and the hemicellulose precipitated by alcohol. The product was 
purified by precipitation from 2 % sodium hydroxide solution as a copper 
compound, as described by Baker and Pope [1900], this then being decomposed 
by treatment with dilute acetic acid. The hemicellulose was shown to contain 
some 70 % of pentose residues, xylan and araban, the former preponderating. 
The hexoses, mannose and galactose, were also identified amongst the hydro¬ 
lysis products. 

O’Dwyer [1926], following a method indicated by Clayson, Norris and 
Schryver [1921], later separated from beech wood two hemicelluloses with 
distinct physical and chemical properties. Hemicellulose A, obtained by acid 
precipitation of a sodium hydroxide extract, yielded on hydrolysis xylose 
and carbon dioxide, evolved under the conditions described by Nanji, Paton 
and Ling [1925], equivalent to 11 % of glycnronic acid. Hemicellulose B. 
obtained from the acid filtrate from the above by alcohol precipitation, gave 
arabinose and carbon dioxide equivalent to 63 % of what was shown to be 
galacturonic acid. 

These results, showing that uronic acids, in some cases at least, enter 
into the composition of hemicelluloses, and also the possibility that the 
hemicellulose from a particular source may be split up into a number of 
fractions, indicate a need for revision of much of the earlier work on these 
susbtances. 

Much confusion in nomenclature exists with reference to these so-called 
hemicelluloses. This is largely due to the great variety of plant material 
in which they are to be found and also to the doubt which exists as to 
their exact function. Schryver recognised the necessity for improvement 
in the nomenclature of these substances, and recently suggested the term 
44 polyuronide” to describe substances in which uronic acids are found in 
conjugation with sugars, especially pentoses [Candlin and Schryver, 1928]. 
The class of u polyuronides ” would therefore include pectin and the struc¬ 
tural 44 hemicelluloses” such as those described by O’Dwyer. The older term 
4 'hemicellulose” might then be reserved for products which yield no uronic 
acids on hydrolysis. On this basis of classification, some of the products 
described in this paper are more correctly described as “polyuronides.” 

The work herein described aimed at a somewhat detailed investigation of 
the hemicelluloses of wheat bran. Owing to the ease with which such products 
as hemicelluloses may become contaminated with other colloidal cell-wall 
substances, special care is necessary if a pure product is to be obtained. To 
this end, such substances as pectin and lignin were removed from the tissue, 
by appropriate extractives, prior to the extraction of the hemicelluloses. 
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Experimental. 

Preparation. 

400 g. of the bran are allowed to stand for an hour with 2 litres of water. 
The mixture is then poured into an equal volume of 1 % ammonium oxalate 
solution, previously heated on the water-bath to 90°. The temperature is 
taken back to 90° and is maintained at this level for 2-3 hours. The mixture 
is allowed to cool, filtered through muslin, and extraction of pectin from the 
residue is repeated with 0*5 % ammonium oxalate. After filtering, as much 
liquid as possible is removed at the press. 

Removal of lignin is carried out by two extractions with 3 litres of 50% 
alcohol containing 1 % of NaOH, each extraction being carried out under 
reflux for 2 hours. After the second extraction, the filtered tissue is further 
treated under reflux with 3 litres of neutral alcohol (50 %) for 1 hour. After 
filtration through muslin, excess liquid is again removed at the press. 

The first extraction of hemicellulosc is carried out with 3 litres of 4 % 
NaOH solution. Two or three further extractions with 4 % NaOH should 
be made from the residue. The combined extracts are filtered carefully, 
several times, through glass wool. 

To the filtered extract is added rather more glacial acetic acid than is 
necessary to neutralise it. The precipitate obtained at this stage (hemi- 
cellulose A) must be separated at the centrifuge. The mother liquor is reserved. 
The precipitate is repeatedly washed at the centrifuge with water, the early 
washings being added to the mother liquor. The precipitate is then treated 
with gradually increasing strengths of alcohol, in the usual way for obtaining 
a dry product. Drying is completed in vacuo over phosphorus pentoxide. 

The mother liquor from the above is filtered through paper pulp, after 
which half a volume of acetone is added to it. This precipitates hemicellulose B, 
which, after standing, may be filtered off. The filtrate is reserved. The pre¬ 
cipitate is redissolved in 4 % NaOH solution, the solution neutralised with 
glacial acetic acid, and the hemicellulose reprecipitated with half a volume of 
acetone. After several re-solutions and reprecipitations in this way, the final 
product is taken up to dryness in the usual manner. 

To the filtrate reserved from the above is added a volume of acetone equal 
to that added previously. The precipitate—hemicellulose C—is purified by 
dissolving in water and precipitating with an equal volume of acetone, re¬ 
solution and reprecipitation being carried out several times and the final 
product then being taken to dryness. 

Yields of the crude hemicelluloses obtained in a typical preparation from 
400 g. of bran, calculated on the dry weight of the products, were: hemi¬ 
cellulose A, 8*0 g.; B, 4-5 g.; C, 4*5 g. 
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Purification . 

Hemicellulose A . The crude product is dissolved in 4 % sodium hydroxide 
solution (1000 cc.), and any undissolved matter is removed at the centrifuge 
or by filtration through paper pulp. 250 cc. of mixed Fehling’s solution are 
added to the clear liquid, and the copper compound formed is filtered off and 
decomposed by treatment with dilute hydrochloric acid. Precipitation of the 
hemicellulose is effected or assisted by the addition of acetone. The product is 
washed free from acid and copper chloride by three or four changes of acetone, 
after which drying is completed with alcohol. The product obtained in this 
way is contaminated with a little starch, but means have not been devised 
for eliminating this. 

Hemicellulose B . Some 5 g. of the crude product are dissolved with 
constant stirring in boiling water, and the solution is boiled for a further 
5 minutes. Any small amount of insoluble residue is filtered off through glass 
wool and is neglected. The clear solution is cooled, and NaOH is added to 
give a final concentration of 4 %. 250 cc. of mixed Fehling’s solution are 
added with stirring, and after standing the precipitate—BI copper complex— 
is removed by pouring through muslin. After further filtration through paper 
pulp, half a volume of acetone is added to the filtrate, and the second pre¬ 
cipitate—derived from hemicellulose B2—filtered off. The two precipitates, 
B1 and B2, are decomposed separately with dilute hydrochloric acid, and 
acetone is added to effect or assist precipitation of the hemicelluloses. After 
further washings with acetone, and finally with alcohol, the process of purifi¬ 
cation described is repeated with each product to ensure complete separation. 

Hemicellulose C . This product is dissolved in 4 % NaOH and mixed 
Fehling’s solution added. Although the viscosity of the solution increases 
greatly, no precipitate is obtained; consequently half a volume of acetone is 

added, and the precipitate—designated C2 by analogy with B2 above.. 

filtered off, decomposed with hydrochloric acid, and the hemicellulose C2 
precipitated, washed, and dried as usual. 

General properties of the hemicelluloses . 

The four hemicellulose fractions were obtained in the form of white 
amorphous powders of low ash content (0‘3~2*0 %). Hemicellulose A was 
somewhat soluble in boiling water, while fractions Bl, B2 and C2 were 
almost completely dissolved. The aqueous solution of C2 was laevorotatory. 
No iodine colorations were obtained, except in the case of fraction A, a sus¬ 
pension of which in water gave a blue colour owing to the presence of a little 
starch. 

Furfuraldehyde estimations were carried out on all fractions, and also 
decarboxylations by the method of Nanji, Baton, and Ling [1925]. Mean 
values for a number of determinations are given in the following table, the 
results quoted being calculated in all cases on the dry, ash-free substance. 
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Hemicellulose ... 

A 

B 1 

B 2 

C 2 


o/ 

/o 

o/ 

/o 

% 

% 

Furfuraldehyde 

55-0 

484 

3-2 

49*0 

Carbon dioxide 

Nil 

1-85 

Nil 

1-98 

Uronic anhydride 


7-40 

„ 

7*92 


The crude hemicellulose B yielded 31*1 % of furfuraldehyde. Conse¬ 
quently, fractions B1 and B2 are present approximately in the ratio 2:1. 

Preliminary hydrolysis. 

The yields of hemicelluloses obtained were not sufficient for more than 
preliminary investigations to be made as to the nature of the sugars liberated 
on hydrolysis. 

The procedure followed in all cases was to boil the hemicellulose under 
reflux for 4 hours with 1 % sulphuric acid, 50 cc. of the acid being used per g. 
of hemicellulose. At the end of this time, the hydrolysis liquor was neutralised 
while still hot with the theoretical volume of a standard strong solution of 
baryta. The precipitate of barium sulphate formed was filtered off, and the 
filtrate suitably concentrated in vacuo. 

Hemicellulose A. The concentrated liquor obtained thus from 5 g. of 
hemicellulose A was divided into several portions. One portion treated with 
diphenylhydrazine yielded a white crystalline precipitate of arabinose di~ 
phenylhydrazone, melting, after two recrystallisations, at 202°. 

From another portion, cadmium xylonobromide was obtained, indicating 
the presence of xylose. 

Repeated attempts to obtain mucic acid,'by nitric acid oxidation of some 
of the sugar syrup, failed, nor was it possible to prepare mannose hydrazone. 
Likewise, the Pinoff-Selivanoff test for ketohexoses gave a negative result. 

An osazone was prepared, which was found to be a mixture. A little of 
it was insoluble in hot water; examined microscopically this was found to be 
glucosazone, doubtless derived from the contaminating starch. Examination 
of the osazone soluble in hot water showed it to be a mixture of xylosazone 
and arabinosazone, the characteristic form of each being clearly seen. 

Thus, it may be supposed that the only sugars obtainable from hemi¬ 
cellulose A on hydrolysis are xylose and arabinose. The detection of these 
two sugars as the products of hydrolysis of the hemicellulose of wheat bran, 
which is precipitable by acid, thus confirms the finding of Schulze [1892], 
whose “ wheat bran hemicellulose ” corresponds to this fraction. 

Hemicellulose B 1 . The chief product of hydrolysis of this substance would 
appear to be xylose. A large amount of cadmium xylonobromide was obtained 
on treating a portion of the hydrolysis liquor according to Bertrand’s method. 
Another portion of hydrolysis liquor gave a very small amount of arabinose 
diphenylhydrazone, melting after recrystallisation at 202-203°. 

An osazone was prepared, and a little of it, too small in amount for further 
examination at this point, was found to be insoluble in hot water. The residue 
was practically pure pentosazone, pelting after several recrystallisations at 155°. 
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In an endeavour to ascertain the nature of the insoluble osazone, the 
hydrolysis liquid from a further 5 g. of B1 was evaporated in vacuo , just to 
dryness, and the sugar extracted twice with 50 oc. portions of absolute alcohol. 
The residue was then extracted with 80 % alcohol. The combined absolute 
alcohol extracts and the 80 % extract were separately evaporated, and 
the sugars taken to dryness by repeated treatment with absolute alcohol, 
drying being completed in vacuo. The bulk of the sugar was extracted by the 
absolute alcohol, and the dry product from this gave [af® - 26° for c — 1*0. 

The osazone obtained from this fraction was a mixture. The portion 
insoluble in hot water was repeatedly extracted with hot water to remove 
pentosazone. It was recrystallised from 50 % alcohol, and under Ihe micro¬ 
scope was seen to crystallise in clusters of thick yellow needles, quite distinct 
in appearance from the osazones of glucose and galactose. The melting point 
of the purified osazone was 158°. The pentosazone, doubtless xylosazone. 
melted after recrvstal lisa t ion at 155°. 

It seems not improbable that the insoluble “osazone” here obtained was 
derived from glycuronic acid. Mayer [19001 found that glycuronic acid treated 
with excess of phenylhydrazine yielded a compound melting at I39-164\ 
x\gain, Giemsa [1900] obtained a glucuronic acid phenylhydrazine derivative 
melting at 100°, crystallising in yellowish needles, insoluble in water, and 
recrystallisable from dilute alcohol Galacturonic acid, on the other hand, is 
said to yield no crystalline derivatives with phenylhydrazine [see Ehrlich, 
1917]. 

The sugar soluble in 80 % alcohol gave two similar osazone fractions. 

Other sugar tests than those described having yielded negative results, it 
appears that the products of hydrolysis of hemicellulose B l consist chiefly ol 
xylose, accompanied by a little arabinose and also a uronic acid, possibly 
glycuronic acid, though the evidence for this is at present incomplete. At 
the same time, the furfur aldehyde yield from the hemicellulose, viz. 48*4 %, 
is too low to be accounted for in this way, and it is possible that another sugar 
present has escaped detection. 

Hemicellulose B 2. This yielded but 3*2 % of furfuraldehyde, while uronic 
acids were shown to he absent. Consequently, on hydrolysis , a small amount 
of pentose should he obtained , the residue of the hydrolysis product being 
hexose. Hydrolysis was carried out in the usual way on some 2 g. of B2. 

"From a portion ol the neutral hydrolysis liquor an osazone was prepared, 
the bulk of which was insoluble in hot water. This osazone was found to 
erystsHW m sheaves ol needles, resembling glucosazone. After recrystal]ising 
from 50 % alcohol it ga\ e a melting point of 205°. Glucosazone melts at this 
temperature. The small amount of pentosazone formed, soluble in hot water 
was not examined. 

Attempts to obtain mannose hydrazone from another portion of the 
hydrolysis liquor failed, while the Pinoff-Selivanoff test for ketoses likewise 
gave a negative result. 
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It seems, therefore, that hemicellulose B2 is a glucosan, admixed with a 
little pentosan. The amount of the hemicellulose available, however, was not 
sufficient to allow of further test. 

Hemicellulose C 2. A copious white crystalline precipitate was obtained 
when a little of the hydrolysis liquor from hemicellulose C2 was treated in 
the usual way for the production of arabinose diphenylhydrazone. After two 
recrystallisations from 60 % alcohol this product melted at 203°, establishing 
the presence of arabinose. 

A very small amount of cadmium xylonobromide was obtained from 
another portion of the hydrolysis liquor. Mucic acid could not be obtained. 

An osazone was prepared, and proved to be a mixture. A portion in¬ 
soluble in hot water, after purification and recrystallisation from 50 % alcohol, 
was found to have a crystalline form resembling that of the insoluble phenyl- 
hydrazine derivative described above as obtained from the products of hydro- 
l^sis of hemicellulose B L. It melted at 161-163°. Hence this too may be a 
derivative of glycuronic acid. The osazone soluble in hot water formed along 
with this was arabinosazone, contaminated with a little xylosazone, and melting 
at 155°. 

Thus, wheat bran hemicellulose C2 is an araban, associated with some 
8 % of uronie acid anhydride, possibly glycuronic anhydride, and con¬ 
taminated with a little xylan. 

Discussion. 


The following scheme indicates diagrammatically the method of preparation 
of the hemicelluloses, the products of hydrolysis being shown in brackets. 


Residue: Extract repeatedly 
I with 4 % NaOH 


Residue; Fibre etc. 


Precipitate: 
HEMICELLULOSE A 
Purified by copper treatment 
{Xylose, arabinose) 


Precipitate; Decompose 
I with HC1; 

! add acetone 

Hemioelltilosis B 1 
{Xylose; uronie acid) 

Biochem. 103Q XXXV 


Wheat bran : Extract successively with 0-5 % 
I ammonium oxalate and 1 % 

alcoholic sodium hydroxide 


Extracts: Contain poctin and lignin 


Extracts: Contain Hemicellitloses 

j Acidify with acetic acid. Centrifuge 


Solution: Filter; 

I add half volume of acetone 


Hemicellulose B 

Dissolve: add 
NaOH to 4 % 
and Folding's 
solution 


Filtrate: Add half 
volume of 
acetone. De¬ 
compose ppt. 

Hemicellulose B 2 
{Glucose) 


V‘\\VmVi *. Add a vo\ume 
of acetone equal 
to above. Dis¬ 
solve ppt. in 
4% NaOH; add 
Fehling’s solu¬ 
tion and ace¬ 
tone. Decom¬ 
pose ppt. 


Hemicellulose C 2 
(Arabinose; uronie acid) 


5 
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Four hemicellulose fractions with widely differing characteristics have 
thus been separated from wheat bran, two of them containing small amounts 
of uronic acid residues. 

Hemicellulose B 2 is of particular interest, both from its mode of separa¬ 
tion, and from the fact that it is practically a pure hexosan. The preliminary 
hydrolysis described would appear to suggest that it is a glucosan. Though 
glucosan is not usually to be regarded as a constituent of hemicelluloses 
(except the amylohemicelluloses, rather different types of substance), various 
workers have claimed to obtain glucose from hemicellulose hydrolysis pro¬ 
ducts. Thus, Schulze and Castoro [1903] obtained from certain hemicelluloses 
a sugar convertible to glucosazone which they regarded as probably glucose. 
Also, glucose has been stated to arise, along with mannose and methylpentose, 
when the hemieellulose-like yeast gum is hydrolysed [see Hashitani, 1927]. 

The results in the case of hemicellulose B1 must be considered unsatis¬ 
factory, since it would appear that a hexose has escaped detection. Xylose, 
arabinose, and a uronic acid were shown to be present, but the figures ob¬ 
tained for furfuraldehyde and carbon dioxide are so low that they indicate the 
presence of another constituent. The very small amounts of the individual 
fractions available renders the isolation of hydroly- is products a difficult 
problem. 

On the other hand, furfuraldehyde and carbon dioxide numbers are almost 
completely accounted for on the assumption that this substance is a urono- 
araban containing some 8 % of uronic anhydride. 

Summary. 

A general method of preparation and purification of hemicelluloses is 
described. 

The hemicelluloses of wheat bran yield four fractions, chemically and 
physically distinct, two of them containing small percentages of uronic acid 
residues. 

Preliminary hydrolyses of the four products have been carried out. Hemi¬ 
cellulose B2 appears to be a glucosan, whilst the other fractions are largely 
composed of pentose residues. 
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In the course of an investigation on glycogen, the solubility of a sample 
prepared in the usual way by boiling tissue with 60 % KOH was compared 
with that of a sample prepared from an aqueous extract of tissue dehydrated 
by alcohol, and it was observed that the former sample reached a stable 
value very much more rapidly than the latter. It was therefore decided to 
prepare glycogen from several sources, without boiling with potassium 
hydroxide and to determine the solubilities of the products obtained. In the 
course of the work it was found necessary to revise the method employed for 
estimating glycogen, and, in order to do this, the solubility of glycogen in 
aqueous alcohol was investigated. 

Method of preparation. 

Since the usual method of preparing glycogen by boiling tissue with 60 % 
potassium hydroxide appeared to affect the solubility of the product, it was 
considered advisable to use a method less likely to have a chemical action 
on the carbohydrate complex. Dehydration of the tissue by alcohol and 
subsequent extraction with water was the method selected, except in one 
case (frog muscle) whore the tissue was extracted with 4 % trichloroacetic 
acid, and the glycogen precipitated with alcohol. Three sources of glycogen 
were used: mussel (whole body), frog (skeletal muscle) and rabbit (liver). The 
method employed varied slightly in each case. 

Mussel (Mytilus edulis). Mussels were killed, and the tissue was de¬ 
hydrated, by being put into alcohol. For the first batch boiling 80 % alcohol 
was used, for the second, cold 80 % alcohol. The solid residue was filtered 
off, dried with absolute alcohol and with ether, exposed to the air to remove 
all traces of ether, and finally ground in a mortar. Glycogen was extracted 
from this powder with water: the proteins, denatured by the treatment with 
alcohol, were soluble only to a small extent. 

To test the completeness of extraction, a portion of the mussel powder was extracted 18 times 
with small quantities of water at 0°, and the glycogen in each extract and in the residue estimated 
separately (Fig. 1, curve a). The experiment was repeated, using water at 25° (curve b ), but the 
amounts extracted were not appreciably greater. Grinding with sand between each extraction 
gave much more satisfactory results (curve c), and it was concluded that the difficulty of extrac¬ 
tion was meohanical. From Fig. 1 it is apparent that the seventh and subsequent extracts 
contain negligible amounts of glycogen; in later work, therefore, the mussel powder was extracted 
six times. 


5—2 
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Glycogen values are given throughout this paper in terms of the reducing sugar found after 
3 hours’ hydrolysis by 2*2 % by wt. hydrochloric acid. It is usual to multiply this by 0-927 
to convert to glycogen. This assumes a 97 % hydrolysis, but working with a purified sample of 
glycogen prepared by Dr Slater, it was never found possible to reach so high a value, the mean 
obtained being 94 %, corresponding to a conversion factor 0-957. 

The glycogen in the water extract was purified by precipitation with two 
volumes of alcohol. 

The nitrogen and phosphorus contents of successive precipitates were examined, and it was 
found that the ratio of the nitrogen and phosphorus to glycogen fell considerably alter the first 
precipitation, showed no decided change after the second, and after tho third precipitation the 
nitrogen values rose, phosphorus remaining nearly steady (Table I). This unexpected result was 
repeated in each preparation examined, and suggests that the glycogen molecule in the natural 
state may contain nitrogen, and possibly also phosphorus. For the third procipitation it was 
necessary to add an electrolyte to coagulate the glycogen; a few drops of a normal solution of 
potassium acetate were usod. 



Fig. 1. Extraction of glycogen from dried mussel powder. 
(a) Water at 0°. (6) Water at 25°. 

(c) Water + grinding with sand at 15°. 


Table I. 

Ratio mg. phosphorus and mg. nitrogen to 100 mg. glycogen. 



Untreated 

extract 

After 1 ppt. 

A 

After 2 ppt. 

After 3 ppt. 


P 

N 

P 

N 

P 

N 

r 

p 

N 

Prep. A 

0-91 

1-91 

0-20 

0-55 

0-21 

0*56 

0*17 

0-98 

„ B 

0-85 

1-74 

0-75 

0-57 

0-63 

0-54 

0-64 

0-70 


In order to remove small amounts of protein that might still be associated 
with it, the glycogen was dissolved in 4 % trichloroacetic acid, filtered and 
dialysed. 

After three precipitations with alcohol, dialysis of the product produced a rise in the ratio 
of nitrogen to glycogen. If the glycogen were first dissolved in 4 % trichloroacetic acid, the small 
amount of insoluble matter filtered off, and the solution dialysed, there was a larger rise. If, 
instead of being dissolved in trichloroacetic acid, the glycogen were boiled for 2 hours with 60 % 
potash, the ratio of nitrogen to glycogen fell very considerably (Table II). 
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Table II. 

Ratio mg. nitrogen to 100 mg. glycogen. 

After dissolving in 4- % 

Prep. C after 2 ppt. Aftor trichloroacetic acid with After boiling with 

with 66 % alcohol dialysis subsequent dialysis 60 % potash 

0-77 0-81 0-83 0-30 

After dialysis the glycogen was precipitated a third time in 66 % alcohol 
and then dried in a vacuum desiccator over calcium chloride. This should 
give the half-hydrate, C 6 H 10 O 6 , JH 2 () [Slater, 1924]. 

Rabbit. The rabbit liver was removed immediately the animal was killed 
and was minced into ice-cold 94 % alcohol, filtered and the residue re¬ 
extracted with ice-cold alcohol, filtered and the residue dried in air and 
ground in a mortar. Glycogen was extracted from this powder in the same 
manner as for mussels. 

Frog. The frogs’ muscles were ground in 4 % trichloroacetic acid and the 
extract treated as the water extract from mussel powder, except that the 
glycogen was not again dissolved in trichloroacetic acid. 

Method of determining solubility . 

Preliminary experiments showed that glycogen did not go into solution 
completely for several days. This made it necessary to ensure that the material 
should remain sterile during the time of the experiment. Small two-necked 
flasks were used, one neck closed with a rubber cap, the other stoppered with 
cotton wool and covered with a glass cap. A small amount of glycogen 
(1 to 0-3 g.) was placed in the flask and sterilised for 30 minutes in steam on 
3 consecutive days; an amount of sterile water, insufficient to dissolve all 
this glycogen, was injected through the rubber cap, and the flask was placed 
in a thermostat. At intervals of 6 to 60 hours small amounts (about 0*5 cc.), 
were withdrawn by means of a hypodermic syringe, placed in a centrifuge 
cup, covered with a drop of liquid paraffin to prevent evaporation, and 
centrifuged for 20 minutes. 0*1 cc. of the solution was used for the estimation 
of the glycogen. That the solutions remained sterile was shown by plating 
out a drop on agar at the conclusion of the experiment. (Previous experi¬ 
ments with unsaturated glycogen solutions showed that the strength of the 
solution was not altered by centrifuging in these conditions.) 

Method of estimating glycogen . 

Since the quantities of glycogen available were small it was necessary to 
use a micro-method for estimation. The glycogen was still associated with 
appreciable quantities of nitrogen and phosphorus, and was therefore possibly 
contaminated by reducing substances, so it was considered desirable to use 
the full method of estimation by boiling with 60 % potassium hydroxide and 
not merely to hydrolyse the solution with acid. 
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With the exception of the method of do Jongh and Planelles [1924], depending on the turbidity 
of glycogen solutions precipitated by alcohol in the presence of ether, which is not suitable for 
accurato estimations, all micro-methods for the estimation of glycogen are modifications of 
Pfliiger’s method >[1904], and depend on the destruction of lower carbohydrates by boiling with 
60 % potassium hydroxide, and precipitation of glycogen from the resulting solution with 
alcohol. Evans [1925] has pointed out that when estimating small quantities of glycogen in* a 
considerable mass of tissue, involving the use of relatively large volumes of solution, there is a 
Jobs of glycogen, increasing with increasing volume of fluid, pointing strongly to the solubility 
of glycogen in aqueous alcohol, at least in tho presence of a high concentration of potash. Holmes 
and Holmes [1926] carried out some experiments to test the recovery of glycogen added to a 
potassium hydroxide-alcohol mixture of the concentration used in their estimations, and obtained 
on the average a recovery of over 100 %, and concluded that there is no appreciable loss through 
solubility of glycogen in alcohol. Possibly they obtained such good values because they added 
solid glycogen, instead of precipitating from a solution, and, as tho results of the solubility deter¬ 
minations show, glycogen may be very slow in dissolving. In a modification of the PfUigor method 
introduced by Bierry and Gouzon [1928], glycogen is not precipitated after alkaline hydrolysis, 
but acid is added and an acid hydrolysis carried out on the same solution. Proteins are afterwards 
removed with mercuric nitrate, and the sugar is estimatod. This procedure avoids loss of glycogen 
by solution in alcohol, but might cause an additive error, since any reducing substance not 
destroyed in either the alkaline or the acid hydrolysis, and not precipitated by mercuric nitrate, 
would be estimated as sugar. 


To find whether any glycogen remained in solution after precipitation 
with alcohol, when using a micro-modification of the Pfliiger method, the 
residual alcoholic solution from a glycogen estimation (the tissue used in this, 
and in all other estimations when working out the method for estimating 
glycogen, was, for convenience, skeletal muscle from the frog) was evaporated 
nearly to dryness, washed with 1 cc. of absolute alcohol and centrifuged, and 
the glycogen estimated in the residue by acid hydrolysis and determination 
of the reducing power. 


Table III. 


Apparent solubility of glycogen from frog muscle in 75 % alcohol. 


0-2-0-3g. muscle (or in last 3 experiments 0T cc. glycogen solution), were boiled with 2cc. 
60 % potassium hydroxide for hours, neutralised with glacial acetic acid, filtered and 3 volumes 
absolute alcohol added, making 20 cc. in all. 


mg, glycogen ppt. 
by alcohol 
0-59 
0-88 
0-59 
M0 
109 
0-065 
0-054 

0-159 

9-50 

9-50 

6*83 


mg. glycogen recovered 
from alcohol 
0-166 
0-128 
0-166 
0-227 
0-189 
0-091 
0-295 
0-241 
0-172 
0-143 
0-156 
0-197 


Apparent solubility of 
glycogen in 75 % alcohol 
mg. per 100 cc. 

0-83 

0-64 

0-83 

1-14 

0-95 

0-46 

1-48 

1*21 

0*86 

0-72 

0-78 

0*99 


The results (Table III), show clearly the presence of some reducing sub¬ 
stance, probably, at least in part, glycogen. A reducing substance stable to 
alkaline hydrolysis, soluble in 75% alcohol, and relatively insoluble in 
absolute alcohol would be included in this estimation. If there should be 
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such a substance present in the muscle in variable quantity, it would account 
for the irregularity of the results. 

Methyl alcohol and acetone were also tried as precipitants for glycogen, 
but failed to give as good results as ethyl alcohol. 

As these results indicated that glycogen had an appreciable solubility in 
75 % alcohol, but did not give accurate figures, it was decided to study the 
problem of the solubility of glycogen in aqueous alcohol using purified glycogen 
and varying strengths of alcohol, so that the influence of other substances 
present in muscle should be eliminated. 

Solubility of glycogen in aqueous alcohol . 

In practice it was found best to estimate the solubility by an indirect 
method. A known quantity of glycogen in aqueous solution was treated with 
alcohol in amounts calculated to give 50, 60, 66, 75, 80 and 90 % alcohol 
by volume. The glycogen precipitated by this treatment was separated by 
centrifuging and estimated. The solubility of glycogen*in the aqueous alcohol 
was calculated from the difference between the amount of glycogen pre¬ 
cipitated and the amount originally taken. On account of the slight solubility 
of glycogen, very small quantities must be used in order to show a difference 
that can be measured with .any degree of accuracy. The glycogen used was a 
highly purified sample from Mytilus , kindly supplied by Dr Slater. It is 
generally agreed that to precipitate pure glycogen satisfactorily from aqueous 
solution by the addition of alcohol is difficult. The turbid solution will not 
coagulate and settle with any regularity, even after centrifugalisation for 
30 minutes. One drop of a 60 % potassium chloride solution was therefore 
added, making a final concentration of 0-6 % potassium chloride (Fig. 2, 
curve a). 

When estimating glycogen after boiling with potassium hydroxide there is 
always a high concentration of salt or of alkali present, so the solubility was 
also determined in the presence of 21 % potassium acetate, 42 % potassium 
trichloroacetate, 15 % potassium chloride, and 15 % potassium hydroxide, 
these being approximately the concentrations reached when estimating 
glycogen. In each case the electrolyte was added to the glycogen solution 
before the alcohol, and subsequent procedure was that described above. The 
results are shown in Fig. 2. The solubility in the presence of 4 % trichloro¬ 
acetic acid was also determined, since this concentration of trichloroacetic 
acid is frequently used for extracting tissue. 

In previous methods of estimating glycogen the concentration of alcohol 
used for precipitating glycogen has varied considerably. Pfliiger [1904] used 
57 %; Kahn [1922] in a micro-method 52*5 %; Evans [1926] for plain muscle 
66 %. From the curves in Fig. 2 it is clear that it is useless to employ higher 
concentrations of alcohol than 66 % when the original volume of solution is 
fixed, since the loss due to increased final volume more than counterbalances 
the gain from decreased solubility. When the final volume is the limiting factor 



72 


M. KERLY 


it is definitely better to use 06 % rather than 75 %, as it is possible to use a 
larger initial volume and the percentage loss is lessened. 

Pfliiger [1904] precipitated glycogen from the alkaline solution after 
diluting with two volumes of water; in some more recent methods the alkali 
is neutralised, usually with glacial acetic acid, in order to precipitate protein, 
and this is filtered off before alcohol is added. It is apparent from big. 2 
that glacial acetic acid is not a suitable acid to use, as the solubility of glycogen 
is higher when potassium acetate is present than in the presence of either 
potassium trichloroacetate, potassium chloride or im-neutralised KOH. It 
would seem that there is little to choose from the point of view of solubility 
alone between these last three conditions. It is probably better to neutralise, 
as this undoubtedly removes considerable quantities of protein. When hydro- 



concentration of alcohol, % by volume 
Fig. 2. The solubility of glycogen in aqueous alcohol. 

(a) Alcohol + 0-6 % KOI. (6) Alcohol + 4 % CCl.COOH. 

{c) Alcohol + 21 % CH a COOK. (d) Alcohol + 42 % CC1 8 COOK. 

(e) Alcohol + 15% KCL (/) Alcohol + 15 % KOH. 

chloric acid is used, although the solubility of glycogen is least, a further 
. complication is introduced as the potassium chloride formed is only slightly 
soluble in alcohol, and large quantities of salt are precipitated along with the 
glycogen. This did not interfere with the acid hydrolysis, or with the estima¬ 
tion of sugar by the Hagedorn and Jensen method, but might with other 
methods. Since trichloroacetic acid is a definite protein precipitant, and its 
potassium salt is soluble in alcohol, it was decided to use this acid. Table IV 
shows a comparison of the result of neutralising with each of the three acids 
in an estimation of glycogen in muscle. 
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Table IV. 

After boiling frog muscle with potassium hydroxide the solution was diluted, three equal 
parts taken ana neutralised with hydrochloric, glacial acetic and trichloroacetic acids respec¬ 
tively, the precipitates (of protein) were removed by centrifuging and the glycogen in an aliquot- 
part of each solution precipitated with two volumes of alcohol and estimated. 

mg. glycogen found when alkaline digest 
is neutralised with 


Final vol. 

0 Iacial 

Hydro¬ 

Trichloro¬ 



of solution 

acetic 

chloric 

acetic 



cc. 

(a) 

(b) 

(«> 

b-t 7 

c - a 

6 

0-867 

1-283 

1-231 

0-416 

0-364 

6 

0-495 

0-640 

0-629 

0-145 

0-134 

0 

0-808 

0-938 

0-996 

0-130 

0-188 

6 

0-496 

0-472 

0-976 

-0-024 

0-480 

9 

9-06 

8-87 

— 

-0-19 

_ 

9 

3-80 

4-21 

— 

0-41 

_ 

9 

4*74 

— 

4-92 

— 

0*18 

9 

8-71 

— 

8-75 

— 

0*04 


The final procedure adopted was as follows. The solution was boiled with 
f>() % potassium hydroxide for 2f hours, cooled, neutralised with 40 % tri¬ 
chloroacetic- acid, the final adjustment being made with dilute potassium 
hydroxide, so that the solution was faintly violet to bromocresol purple, the 
solution ^was made up to a known volume, centrifuged, and two volumes of 
alcohol were added to an aliquot part. Bromocresol purple was chosen as an 
indicator since it changes colour almost at neutrality, and since it is possible 
to see the colour even when working on muscle, 'which gives a brown solution. 
The glycogen precipitate was separated by centrifuging, washed once with 
absolute alcohol, hydrolysed with 2*2 % hydrochloric acid, and the sugar 
estimated either by the original Hagedorn and Jensen method [1923], or by 
Hanes’s [1929] modification for use with larger quantities. It is advisable to 
wash the glycogen with absolute alcohol, since even 80 % dissolves an appre¬ 
ciable fraction. A correction can be added for the glycogen lost by solution 
in the alcohol when precipitating, it can be found by reference to the potassium 
trichloroacetic acid curve (Fig. 2, curve d). Table V shows the result of 
estimating a solution of purified glycogen, (a) by acid hydrolysis, ( b ) by the 
method described above. The recovery of glycogen added to an estimation 
on frog muscle is also shown. The glycogen solution was added to a portion 
of the alkaline digest before neutralisation. In each case the recovery is low: 
this may be due to some substance present in muscle, which affects the 
solubility of glycogen, as noted above. 


Table Y. 


mg. glycogen found in 2 cc. solution. 


Estimated by acid 

Estimated as described 

Added in an estimation 

hydrolysis 

in text 

on muscle 

1-361 

1-301 

1*31 > 

1-28/ 

1-34) 

1*40/ 

2-12\ 

2-14\ 

2-02 

2-14 

212 

2-26 

2-17 ' 

2-05 ' 

___ 

214 

2-04 

— 
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Solubility of glycogen in water . 

First the solubility of mussel glycogen, prepared as described, i.e. without 
boiling with alkali, was compared, at 20°, with that of a similar sample boiled 
for hours with 60 % potassium hydroxide. The results are shown*in Fig. 3 
(curves a and b). When the experiment was repeated, using a second pre¬ 
paration of glycogen from the same batch of mussel powder, the curves pro¬ 
duced by plotting the results were not identical with those of the first 
preparation, but of a similar type (Fig. 3, curves c and d). Glycogen prepared 
from a second batch of mussel powder, prepared similarly to the first, except 
that the mussels were killed and dehydrated by cold alcohol instead of boiling 
alcohol, gave a curve intermediate between those of the first two preparations 
(Fig. 3, curve e). In each case the solubility of glycogen which had been 
boiled with alkali had reached a practically stable value at the first estimation, 
whereas the glycogen not boiled with alkali required from 3 to 4 days for 
maximum solubility to be reached. In the first experiment after 5 days at 20° 
the solutions were heated to 50°, and cooled again. The solubility of both 
samples of glycogen returned to the same value. 



Days 

Fig. 3. Solubility of glycogen in water at 20°. 

Prep. I. r (o) Not boiled with KOH 0-92 mg. nitrogen per 100 mg. glycogen. 

(b) Boiled with KOH 0-18 „ 

Prep. II. (c) Not boiled with KOH 0*61 „ „ ” ” 

(d) Boiled with KOH 0-06 „ „ 

Prep. J1I. («) Not boiled with KOH 0*50 „ „ M 

The solubility of mussel glycogen was then determined at 0° and 37° 
(Table VI). At 37° all the glycogen (0-4 g.) had dissolved in the water added 
.(1 cc.) forming a jelly. A portion of this jelly contained 40 % glycogen, so 
probably the glycogen was evenly distributed and is soluble at least to this 
extent at 37°. 

Table VI. 

Solubility of glycogen in water after 7 days at 

0 ° 20 ° 

16% 17*7% 


37° 

>40% 
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The solubility of glycogen from mussels, frog muscle and rabbit liver was 
compared at 20° (Fig. 4). The sample from rabbit liver had a higher solu¬ 
bility than either of the samples from cold blooded animals. 

It seems possible that the increasing solubility of the samples not boiled 
with potassium hydroxide, reaching a value that approximates, but does not 
quite reach, that of the samples boiled with alkali, might be due to a de- 
polymerising influence of water. If this is so, the boiling with alkali exerts 
the same effect at a much greater rate, and possibly to a greater extent. 
Schmid, Ludwig and Pictsch [1928] observed a somewhat similar effect when 
determining the molecular weight of glycogen in liquid ammonia, as their 
glycogen did not reach a steady state for half an hour, starting from a 
very large molecular weight and reaching a value of 180. Their samples 
had presumably all been boiled with potassium hydroxide, since two were 
prepared commercially and no special mention is made of the preparation of 
the third sample (from liver). Possibly if estimations of the solubility of the 
glycogen boiled with potassium hydroxide had been made during the first 



Fig. 4. Solubility of glycogen in water at 20°. 

(a) Glycogen from rabbit; 0-12 mg. nitrogen jior 100 mg. glycogen. 

(&) „ „ mussels; 0-50 mg. „ „ „ 

( c ) » „ frog; M3 mg. „ „ „ 

half hour a rising value would have been obtained, but there would have been 
no certainty that this was not due to the normally slow solution of a colloid. 
This does not necessarily suggest that glycogen in its natural state is poly¬ 
merised to a large extent, since the glycogen prepared without boiling with 
alkali had been treated with alcohol in order to purify it, and it might well 
be this treatment which caused a high degree of polymerisation, if such existed. 
It is also possible that the nitrogen content of the glycogen is connected with 
the differences in solubility, as in most cases the rate of solution and the 
solubility vary inversely with the nitrogen content. 




M. KBRLY 


7(5 


Summary. 

1. Glycogen from mussels, prepared without boiling with alkali, has been 
found to take from 3 to 4 days to reach saturation in water, whereas a 
similar sample boiled for 21 hours with 60 % potassium hydroxide, reaches a 
slightly higher value within a few hours. 

2. The solubility in water of mussel glycogen, not boiled with potassium 
hydroxide, at 0° is 16 %, at 20° 17-7 % and at 37° at least 40 %. 

3. Glycogen from skeletal muscle of frogs has a solubility in water of 
14*9 % at 20°, that from rabbit liver 21 % at 20°. 

4. Glycogen is slightly soluble in aqueous alcohol, the concentration and 
nature of any electrolyte present having an influence on the value. Curves have 
been obtained showing the decreasing solubility of glycogen with increasing 
concentration of alcohol in the presence of potassium acetate, potassium 
trichloroacetate, potassium chloride, potassium hydroxide and trichloro¬ 
acetic acid. 

5. A micro-modification of Pfliiger’s method of estimating glycogen, based 
on the results of the experiments on the solubility of glycogen in aqueous 
alcohol, and employing a correction for this solubility, is described. 

6. When glycogen prepared from mussels is precipitated with alcohol, 
after two precipitations the nitrogen content of the preparation increases, the 
phosphorus content remaining nearly constant. 

I wish to express my thanks to Professor J. C. Drummond for his interest 
and advice in this work. The cost of the research has in part been defrayed 
by a grant from the Government Grant Committee of the Royal Society. 
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In a recent publication [Reader, 1929] evidence was presented for the division 
of the vitamin-B complex into three components all necessary for the nutrition 
of the rat. It was shown that two of these were destroyed by autoclaving 
veast extract at 9 for one hour at 120°. Further evidence has now been 
obtained for the separate existence of these three factors, since it has been 
possible to concentrate two of them, and to find that the third must still be 
added to enable the animals to grow to maximum adult size. 

Throughout this paper the following nomenclature is used. 

Vitamin B x is the antineuritic vitamin, concentrated by the process of 
Kinnersley and Peters [1927] to the stage involving its extraction from 
charcoal by iV/10 HC1. 

Vitamin B 2 is the anti-pellagra vitamin of Goldberger et al. [1926] as 
interpreted by Hassan and Drummond [1927]. It is considered to be the 
factor present in alkaline autoclaved yeast extract. The term “ anti-dermatitis ” 
is probably preferable for vitamin B 2 since some evidence in this laboratory 
suggests that “pellagra’' is due to a combined deficiency of vitamins B 2 + B 3 . 

Vitamin B 3 is the second alkali-labile factor, obtained from the mercuric 
sulphate precipitate in the Kinnersley and Peters process for vitamin B x . 
Williams and Eddy [1928] have styled this third factor for the pigeon 
vitamin B 3 ; I have adhered to the nomenclature of my original paper, 
pending a consideration of the question by the Biochemical Societies concerned. 

Experimental. 

The preparation of animals was exactly as described in the previous paper 
[Reader, 1929]. The basal diets were also similar. The vitamin B x used was 
kindly supplied by Mr Kinnersley. Unless otherwise stated 3-pigeon-day- 
doses (approx. l'O mg.) were given to each rat by the mouth daily. The con¬ 
centrates used had been shown to be free from vitamin B 3 [Reader, 1929]. 

The vitamin B 2 was supplied as yeast extract which had been heated at 
120° for one hour at p u 9. After being carefully neutralised it was mixed 
with the diet. The equivalent of 6 % of the original extract was found to be 
sufficient and was regarded as a unit value. In certain experiments (see 
Fig. 1 a), when the animals had come to constant weight on diets containing 
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vitamins B x ~f B 2 , the daily allowance of each of these components was doubled 
over a weekly period to make certain that the cessation of growth was due to 
the absence of a third factor and not to an insufficient quantity of either of 
the two already being supplied. 

In the search for vitamin B 3 , the final filtrate from the Kinnersley and 
Peters process for vitamin B x was first tested for vitamin B 3 activity. As it 
gave a negative result, all the various discarded precipitates obtained during 
the process were freed from metals and tested. Only the extract from the 
mercuric sulphate precipitate gave a positive test. It has since been found 
possible to recover 75 % of the vitamin B 3 present in the original extract. In 



Fig. 1 a and b. Showing that vitamin B a is necessary to supplement vitamins R r f B 2 . 
At X, Fig. 1 6, supply of vitamin B 3 was cut off, but resumed again at T. 


the, experiments cited in this paper the total organic solids given daily as 
vitamin B 3 varied from 1 to 2 mg. This quantity was found to contain less 
than 1/15 of a daily dose of vitamin B x . Further details of the concentration 
and purification of vitamin B 3 will be published shortly. 

“Ninety rats were used for this work. Two types of experiments were 
carried out. 

Group A , Figs, la and 16. Rats were brought to constant weight on the 
basal diet + vitamin B 2 : growth usually ceased at the end of 2-3 weeks. Then 
vitamin B 1 was given daily. An immediate temporary response occurred, the 
rats continuing to grow for another 2 or 3 weeks. Then no further response 
could be obtained by doubling the supply of vitamin B A or of vitamin B 2 or 
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of both. The animals were then ready for testing one of the various vitamin B 3 
preparations: the extract was administered daily by the mouth. The results 
in Figs, la and 16 were obtained with a vitamin B 3 preparation extracted 
from the mercury precipitate; from which it must be concluded that some 
factor necessary for the nutrition of the rat is present in this precipitate. 
At point X , Fig. 16, the supply of vitamin B 3 was cut off, but resumed 
again at Y. 

Group B, Fig. 2. The second set of experiments was designed to show that 
some essential component still remained in the yeast extract after heating 
at 120° for one hour at p n 9 and that normal growth could be obtained 
without adding excess of the yeast extract so treated. The rats were brought 
to constant weight on the basal diet alone, i.e . without any “B” vitamins. 
Then vitamins B x and B 3 were both given daily in quantities which had 
proved to be sufficient in the previous type of experiment. Practically no 
growth occurred. At point /i, Fig. 2, the supplies of vitamins B x and B 3 
were doubled. The weight was still not increased. When the unit quantity of 
vitamin B 2 was added, normal growth was immediately resumed. 



Fig. 2. Showing that vitamin B 2 is necessary as supplement for vitamins Bj-fB 3 . 

At point K vitamins (B 1 + B s ) were doubled. 

Discussion. 

In the earlier paper [Reader, 1929] three accessory “B” factors were 
postulated upon the evidence that addition of vitamin B x concentrates to an 
alkaline autoclaved yeast extract did not induce normal growth, and that 
growth was not improved by increasing either the vitamin B x concentrate or 
the autoclaved extract. It still remained to be shown that the hypothetical 
vitamin B 3 could be separated from the other two components. This has now 
been done. 

Concentration of vitamin B 3 has been made possible because it appears in 
.the mercuric sulphate precipitate, suggesting that the factor itself forms an 
insoluble mercury salt, or a double salt with mercuric sulphate. The curves of 
Fig. 1 demonstrate that the factor in question is present in the mercury 
precipitate and those in Fig. 2 that, in addition to this, another factor is 
required to supplement the antineuritic vitamin; this factor is stable to 
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alkaline hydrolysis for one hour at 120° and is here called B 2 . It has been 
stated by Williams, Waterman and Gurin [1929] and by Chick and Roscoe 
[1929] that even this more stable factor is destroyed by prolonged heating 
(4 to 6 hours) in the presence of alkali. 

Another fact illustrated by the above curves is that at the beginning of 
the experiment the storage period for vitamin B 3 is approximately 5 weeks, 
while that for vitamin B 2 is about 3 weeks at the most. Once the store of 
vitamin B 3 has been lowered and the daily doses substituted, an omission of 
vitamin B 3 stops growth at the end of one week (see rats 279, 280 and 282). 

Summary. 

Further evidence is produced for the existence of a third factor. 

This factor has now been concentrated and obtained free from other factors. 

In conclusion, I wish to thank Professor R. A. Peters for his helpful 
advice and criticism throughout this work, and the Medical Research Council 
for a personal grant. 
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(Received December 30th , 1929.) 

In a previous communication [Przylecki, 1 928 ] various methods for the 
preparation of uricase were given. Later work has shown that the uricolytic 
activity of those preparations purified by dialysis in the presence of such 
antiseptics as thymol, recommended by previous workers in this field, is due 
to bacterial action. In view of this, all methods of preparation of uricase 
described in this paper, with the exception of the original glycerol-chloroform 
extract, which has been found to be sterile, must be regarded as being useless. 
Similarly, all conclusions drawn from experiments dealing with the uricolytic 
action of such extracts as contain bacteria ( i.e . all but the original glycerol- 
chloroform extract) are invalid. 

A detailed description of the micro-organism responsible for uricolysis in 
the above experiments will be published later and work is now in hand on 
the bearing of the discovery of bacteria in such extracts on earlier work on 
uricase. 
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Introduction. 

It is not unreasonable to suppose that the vitamin C content of a fruit is 
controlled by a number of physiological factors and, consequently, that the 
minimum protective dose for a particular fruit should vary in accordance 
with some of its characteristics. That being so the establishment of a definite 
relationship between the antiscorbutic activity and the physiological con¬ 
dition of a plant would in no small measure contribute to our knowledge of 
the character of a vitamin and might even reveal its identity, it has been 
already pointed out [Zilva, 1927, 1928] that further progress by chemical 
purification must be slow, since, presumably, the removal of “impurities” 
beyond a certain stage brings about a degree of instability in the vitamin which 
makes it almost impossible to ascertain its presence by biological tests. An 
indirect approach on the above lines to the subject seems, therefore, to be 
justified at this stage of the study of the antiscorbutic factor. 

This communication is devoted to exploratory experiments designed to 
detect the relations, if any, between the antiscorbutic activity of apples and 
the variety, soil, age and conditions of storage. The effect of heating on 
antiscorbutic activity is also discussed. It may be considered to be only 
preliminary in character, since, if a connection between the antiscorbutic 
activity of the apple and one of its physiological functions is to be definitely 
established, it must be done by a process of elimination. This procedure is, 
however, complicated by the inter-relation of a number of factors and, further 
by technical difficulties arising from the seasonal character of the experi¬ 
mental material and the long duration and laboriousness of the tests. 

It was essential in an investigation of this character to attain the highest 
degree of accuracy in order to establish reliable quantitative criteria. Stan¬ 
dardised conditions, which necessitated the use of a great number of animals 
were therefore observed. Only general results are given in this paper. Full 
details of these experiments will be communicated in due course in a special 
report to the Medical Research Council. 
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Historical. 

Holst and Frolich [1912j found that out of four guinea-pigs kept on a 
diet of rye bread baked with yeast, supplemented with 30 g. of raw apple 
daily, three succumbed on the 39th, 51st and 52nd days respectively—the 
last two showed symptoms of scurvy at the post-mortem examination. The 
fourth animal was still alive after 87 days’ subsistence on this diet. They 
conclude that the apple is not a good source of the antiscorbutic factor. 

Robison [1919] investigated the antiscorbutic activity of concentrated 
apple juice, prepared by the “Kestner evaporator.” In this process the 
duration of heating is less than one minute and the maximum temperature 
attained is about 102° F. The jelly which was tested contained about 83 % 
of total solids and a daily dose of 1 g. of this concentrated juice (equivalent 
to 24 g. of pressed juice) protected guinea-pigs weighing 400 g. from scurvy; 
a daily dose of 1 g. of this concentrated juice was barely sufficient to afford 
complete protection, whilst one of 0-5 g. delayed the onset of scurvy for only 
a short time. 

The British Mission sent to Vienna soon after the w r ar [Chick, 1920] 
observed that 50 g. of raw apple juice administered daily as an antiscorbutic 
failed to prevent the onset of early symptoms of scurvy in children. 

(Jivens, McClugage and Van Horne [1922] protected guinea-pigs from 
scurvy with daily doses of 10 g. of raw apple juice. When the raw apple was 
subjected to any considerable heating, such as is ordinarily employed in 
preservation by desiccation or canning, the vitamin in the apple was con¬ 
siderably inactivated. Dried apple peelings were found by these authors to 
1)C active in daily doses of 2 g. (22*26 % of original weight). 

Kohman, Eddy and Carlsson [1924] administered 5, 6 and 7*5 g. daily 
of raw, cold-stored, apple to guinea-pigs. The animals on all the doses were 
losing weight on the 20th day of the experiment. The stored apples were, 
therefore, replaced at this stage by fresh, early summer apples, purchased in 
the open market. This produced considerable improvement in the animals, 
although the above doses of the fresh apple were inadequate to protect 
guinea-pigs from scurvy. The authors consider this observation as indicating 
that raw apples in storage gradually lose their antiscorbutic potency. These 
workers have further found that apples kept in 2 % salt solution for about 
18 hours before processing retained their original antiscorbutic activity; on 
the other hand, some other methods of canning had a deleterious effect on 
the antiscorbutic activity of the fruit. 

The antiscorbutic activity of different varieties of apples. 

The following English varieties, from different seasons and grown on 
different soils, were investigated: Bramley’s Seedling (cooking variety), 
Worcester Pearmain (dessert variety), Cox’s Orange Pippin (dessert variety), 
Woodbine (cider variety), Dabinett (cider variety) and King Edward (cooking 
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variety). Various imported varieties were also investigated and will be 
discussed later. 

The results are summarised in Table I. Bramley’s Seedling stands out as 
markedly the most active of the varieties tested. The high antiscorbutic 
content was established in these apples coming from, different parts of England 
and picked at different seasons, and, therefore, it is unlikely to be accidental. 
The other cooking variety, King Edward, which resembles the Bramley’s 
Seedling in many respects, is very much less active. The next in order of 
activity is the Dabinett, but when compared with Bristol Bramley’s grown 
in an adjacent orchard on a more or less similar soil, it is between three or four 
times less active. Of the eating varieties, Cox’s Orange Pippin is about twice 
as active as the Worcester Pearmain, but they both fall far below Bramley’s 
Seedling in activity. 


Table I. Relative antiscorbutic potency of English varieties . 



Normal 

Brarnley 

1927,* 

Canter- 

Normal 

Bramley 

Normal 

Bramley 

Worcester 

Pearmain, 

Normal 

Cox’s 

Orango 

Pippin 

Woodbine 

Dabinett 

King 

Edward 

D086 

1928, 

1928, 

1928, 

1928, 

1928, 

1928, 

1928, 

g* 

bury 

Burwell 

Bristol 

Burwell 

Burwell 

Bristol 

Bustol 

Burwell 

3 

+ + + 

4- 4 . _j~ _L 

+ + + + 

No pro¬ 

u. 

No pro¬ 

No pro¬ 

No pro¬ 

5 

4- + + + 

4- 4- + + 

4* 4- + + 

tection 

+ 

tection 

tection 

4 -{■ -L 

tection 

10 

4- + H— 1 " 

4* + 4- + 

4-4-4- 4- 

— 

+ 4- -*~ 

4- 

4- + 4- 1- 

-L 

20 

4- 4- + + 

Not tested 

4- 4- 4- 4 

+ 4-4- 

+ 4 + - 1 - 

+ + + + 

+ 4- 4- + 

+ 4- 


It has been found that there was no relationship between the age of the 
tree from which the apples were picked and the antiscorbutic activity. The 
Bristol Bramley’s Seedlings were picked from trees eight years old and the 
Canterbury and Burwell Bramley’s Seedlings from trees about twice this age. 
yet the difference in the antiscorbutic activity of these apples is not significant. 
On the other hand, all the Burwell apples (Cox’s Orange Pippin, Worcester 
Pearmain and Bramley’s Seedling), differing so much in activity, came from 
trees of approximately the same age. Nor can there be a direct relationship 
between the soil on which the apples are grown and their vitamin content, 
since the Bramley’s Seedlings represent three different types of soil, whilst 
the Burwell and Long Ashton apples which showed a varying vitamin content 
came from similar soils. 

The antiscorbutic activity of early gathered apples. 

These experiments were not instituted with the intention of making a 
detailed study of the relationship between the varying stages of the age cycle 
on the antiscorbutic activity of the apple. Such an inquiry is in progress. 
They were intended to be more of an exploratory character in order to ascer¬ 
tain whether a very marked difference in activity is obtained by picking 
apples earlier. The experiments were carried out on the Canterbury Bramley’s 
Seedling and the Burwell Cox’s Orange Pippin. Apples of these varieties 
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were picked from the same trees 14 days before the normal apples were 
gathered- It will be seen from Table II that there is no marked difference 
between the activity of these apples and that of the normal picking from the 
same trees a fortnight later. Nor is there to be observed a marked difference in 
the activity in the case of the Cox’s Orange Pippin. 


Table II. Relative antiscorbutic potency of early and normal apples. 


Dose 

Early Bramley 

Normal Bramley 

Early Cox’s 
Orange Pippin 

Normal Cox’s 
Orange Pippin 

8- 

1927, Canterbury 

1927, Canterbury 

3928, Burwell 

1928, Burwell 

3 

4 4 4 • x 

4- 4 4 

JL 

L 

5 

4- 4 4 - x - 

+ 44 + 

4 

a. 

10 

■f 4- 4 4- 

4 4 4 4 


4 4— L - 

20 

4' 4- 4- 4 

4 4 4 4 

Not tested 

4 4 4 1 


Influence of storage on the antiscorbutic potency of apples. 

Preliminary observations were made on the vitamin C in apples which 
aged after gathering under two empirical methods of storage, namely, “cold 
storage” and “gas storage.” In the former case the apples were kept at 1° 
(constant) in the air and in the latter in an atmosphere of 10 % carbon 
dioxide, 11 % oxygen and 79 % nitrogen at 10°. The storing was done at the 
Low Temperature Research Station, Cambridge. 

Table III shows that little deterioration had taken place in the vitamin 
during storage and that the loss, such as it was, was more marked in the 
“gas-stored” apples. This disparity in the inactivation of the vitamin is 
particularly marked in the Cox’s Orange Pippin. The question as to what 
extent it is characteristic of this variety cannot at present be answered, since 
only one storage experiment has so far been carried out with it. It is further 
seen that early picking and soil do not seem to influence the behaviour of the 
antiscorbutic factor in apples on storage. 


Table III. Relative antiscorbutic potency of stored apples. 



Early 

Early 

Bramley 

1927, 

Early 

Bramley 

1927, 

Normal 

Normal 

Bramley 

1927," 

Canterbury, 

Normal 

Bramley 

1927, 

Dose 

Bramley 

Canterbury. 

Canterbury. 

Bramley 

Canterbury. 

1927, 

Cold-stored 

Gas-stored 

1927, 

Cold-stored 

Gas-stored 

g- 

Canterbury 

1°, 98 days 

10°, 98 days 

Canterbury 

1°, 98 days 

10 \ 98 days 

3 

4 + 4 j_ 

4 4 4 

4 - 1 - 

4 4 4 

4 4 x 

4 

5 

4 4— f- * A ' 

4 4 4 x 

4 4 4 

4 4 4 4 

4-4 4 

4 4 4-*- 

10 

4 4 4 4 

4 4 4 4 

4 4 4 x 

4 4 4 4 

4 4 4 4 

4—i—h 4 

20 

4 4 4- 4 

4 44 4 

4 4 4 4 

4 4- 4 4 

4 4—r 4 

4 4 4- 4 


Normal 

Normal 

Bramley 

1928, 

Normal 

Bramley 

1928, 

Cox’s 

Orange 

Pippin 

1928, 

Cox’s 

Orange 

Pippin 

1928, 

Cox’s 

Orange 

Pippin 

1928, 


Bramley 

Burwell 

Burwell. 

Burwell. 

Burwell. 

Dose 

1928, 

Cold-stored 

Gas-stored 

Cold-stored 

Gas-stored 

g* 

Burwell 

1°, 105 days 

10°, 140 days 

Burwell 

1°, 79 days 

10°, 83 days 

3 

4 4 4 4 

44+ A 

4 4 4 

JL 

No protection No protection 

5 

4 4 4 4 

Test not 

4 4 4-*- 

4 


n 

10 

4 4 4 4 

finished 

99 

4 4 4 4 

4 4-*- 

4 4 4 

>» 

20 

Not tested 

Not tested 

+ 4 4 + 

4 4 4 

4 4 4 4 

JL. 
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The antiscorbutic activity of imported apples. 

The following imported varieties have been tested: Cleopatra Louden, 
Western Australia (May, 1927) and Karragullen, Western Australia (April, 
1928),. Jonathan (May, 1927), Strawberry Pear main, Louden, Western Australia 
(May, 1927), Cleopatra , Baghdad, Tasmania (May, 1927) and New Zealand 
(May, 1927), Kings , Ontario (November, 1927) and Burlington, Ontario 
(January, 1929), Kings , Nova Scotia (November, 1927), Jonathan , British 
Columbia (November, 1927), Penticton, British Columbia (October, 1928) and 
Cox’s Orange Pippin , Penticton, British Columbia (October, 1928). 

Circumstances did not favour the collection of as many details about the 
imported experimental materia] as was possible in the case of the English 
apples but it will be seen from the above that the. general aim was to get 
(1) a number of varieties, (2) one? variety from different places and (•>) one 
variety from as nearly as possible the same place two consecutive seasons. 

Table IV. Relative antiscorbutic potency of imported dessert apples. 


Dose 

Cleopatra 

Cleopatra 

Jonathan 

Strawberry 

Pearmain 

Cleopatia Cleopatra 

1927, 1927, 

1927, 

1928, 

1927, 

1927, 

g* 

Australia 

Australia 

Australia 

Australia 

Tasmania New Zealand 

3 

Not tested 

Not tested 

Not tested 

Not tested 

Not tested Not tested 

5 

No protection No protection No protection 

y 

No protection. No protection 

10 

y 

,, 

? 

■ L 

j. y j. y 

20 

^ ? 

+ 4~ 

4- 

f ? 

+ + 4- 

Dose 

Kings 

Kings 

Kings 

1927, 

Jonathan 

1927, 

Cox’s 

Orange 

Jonathan Pippin 

1928, 1928, 

1927, 

1928, 

Nova 

British 

British British 

g* 

Ontario 

Ontario 

Scotia 

Columbia 

Columbia Columbia 

:i 

5 

No protection 

Not tested 

No protection 

No protection No protection No protection 

j. 

No protection 


a. 

j- _i_ y 

10 

4- -f -f 

-f- V 

4* 

-r 4 

4- j- y 

20 

4- + 4- ■+• 

Not tested 

4 4- 4* 

4 4 f + 

+ 4' 4' 4- 


It is seen from Table IV that the Australian and the New Zealand apples 
were not as potent as the Canadian apples, which were almost as potent as 
the English dessert varieties. On the other hand, there is comparatively little 
difference in activity among the different varieties coming from various places 
in the same country and belonging to two seasons, which is consistent with 
the observations made on the English apples. How can one explain the 
difference in the activity of the Australian, Canadian and English apples? 
In view of the results obtained in the storage experiments it would seem that 
this disparity is most probably due to the different lengths of time that elapse 
between the picking and the testing of the apples. It is to be noted that the 
Ontario King apples (January, 1929), which could only be tested in 5 g. and 
10 g. doses, about two months later than the majority of the Canadian apples 
showed, as far as one can judge, from this incomplete test, a vitamin content 
roughly of the order of the Australian apples and were decidedly lower in 
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potency than the same variety of the previous year tested earlier (November, 
1927). Another point of interest is that British Columbia Cox’s Orange Pippin, 
although tested early in October, shows a lower potency than the other 
varieties of the same origin. Unfortunately, the test, to some extent, was 
marred by the fact that most of the test animals on the highest dose did not 
consume their entire 20 g. of apple. The result, however, indicates the possi¬ 
bility that the antiscorbutic activity of Canadian Cox’s Orange Pippin as in 
the case of this English variety, has a tendency to deteriorate more quickly 
than that of other varieties. 

The effect of heat on the antiscorbutic activity of 
Bramley’s Seedling. 

As Bramley’s Seedling is a cooking variety, it was of interest to ascertain 
the influence of heat on its antiscorbutic activity. The potency of heated 
apples before storage, after cold storage and after gas storage was, therefore, 
investigated. It was advisable to study the effect of heat on stored apples 
since evidently the stability of vitamin C is controlled by other factors than 
the vitamin itself [Zilva, 1927, 1928] and consequently there was the possi¬ 
bility that observations made on unstored apples might not hold true of 
apples which had undergone changes on storage. 

The apples were placed, in their skins, in a drying oven previously 
brought up to 160°. On the introduction of the apples the temperature fell to 
about 115°, at which temperature the heating continued for about 50minutes; 
by this time the flesh of the apples was quite soft. On several occasions 
observation was made on the temperature of the apple by introducing a 
thermometer into the tissue to the depth of the core. The temperature rose 
from about 25° after 5 minutes to about 95° at the end of the heating. After 
cooling the soft pulp was scooped out and administered to the guinea-pigs 
in equivalent doses of the raw apple (there was usually a loss of about 10 % 
of the original weight in the process of heating). The Burwell Bramley’s 
Seedling (October, 1928) were used in these tests. Results of the experiments 
(Table V) show that very little destruction of the vitamin took place during 
the heating, ■whether freshly picked, cold-stored or gas-stored apples were used. 


Table V. Relative antiscorbutic potency of heated apples . 



Normal 

Heated 

normal 

Normal 

Bramley 

1928/ 

Heated 

normal 

Bramley 

1928/ 

Normal 

Bramley 

1928/ 

Heated 

normal 

Bramley 

1928/ 


Bramley 

Bramley 

Burwell. 

Burwell. 

Burwell. 

Burwell. 

Bose 

1928, 

1928, 

Cold-stored 

Cold-stored 

Gas-stored 

Gas-stored 

g- 

Burwell 

Burwell 

1° 

1° 

10° 

10° 

3 

+ + + 

4- 4- 4- J - 

4 . 4 . 4 . -L. 

4“ 4~ 4- - i - ? 

4- + 4- 

+ 4 j- 

5 

T 4 + + 

-f + 4' 4- 

Test not 

4- 4- 4- 4- 

4 .}. 4 0 . 

4 4 4 - 

10 

4* 4 . 4 . 4 . 

4- + 4- -f 

finished 

ft 

Not tested 

4 4 4- 4 

4 44 4 

4 444 

20 

Not tested 

4' 4~ 4* 

4- 4- 4- 4- 

4. 4. 4 . 4 . 

4“ 4 - 4- 4 - 
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The chemical composition of the apple varieties tested. 

The biological test for vitamin C yields, of course, the composite effect of 
the batch as a whole. It gives no information concerning the individual 
variation of the apples in antiscorbutic potency. Under these circumstances, 
in order to obtain a fair comparison between certain chemical data and the 
vitamin content of apples, the material to be tested should be in a stable and 
uniform condition which would represent both chemically and biologically 
the average of the batch. An elaboration of such a method is in progress. In 
order, however, to obtain some information about the chemical composition 
of the fruits tested, a few representative apples of each batch were analysed. 
Although the number of estimations of each sample of apples was too few 
for the formation of any definite conclusions, nevertheless, the data offered 
some information which at this stage of the inquiry may be considered of an 
indicative nature. 

Figures more or less similar to those previously obtained by other workers 
for these varieties have been recorded and afford no information which can 
be correlated with the biological activity. Particularly striking was the 
similarity in the general chemical composition of the Bramley’s Seedling 
and the King Edward, which differ so much in their vitamin content. There 
was one chemical dissimilarity, however, namely that of the nitrogen content. 
Unfortunate^, owing to an oversight, the nitrogen of only two batches was 
determined, namely, those of the gas-stored Burwell Bramley’s Seedling 
(1928) and of the stored King Edward (1928), which were carried out on 
three representative apples of each batch in March, 1929. The percentages 
of N were as follows: King Edward, 0*061, 0*070, 0*072; Bramley's Seedling, 
0*027, 0*035, 0*038. In a work of this nature these figures are too few for 
drawing categorical conclusions but they are, nevertheless, significant enough 
to be considered in future research. 

Conclusions. 

One of the main objects of this investigation was to ascertain whether a 
functional relationship existed between the antiscorbutic principle and any 
other factor or factors in the apple. The experimental evidence so far obtained 
does not supply the answer. Considering the number of variables involved, 
it would indeed have been a very fortunate coincidence if the first set of pre¬ 
liminary experiments were to have supplied definite information. We have, 
nevertheless, made a number of observations, some of which may be con¬ 
sidered as more or less definite, whilst others can serve at this stage only as 
indications. If some of these observations are not capable of full interpre¬ 
tation at present, their significance will, in all probability, be disclosed as 
the investigation develops. 

It is no surprising feature to find a variation in the antiscorbutic activity 
of apples, but the persistent high vitamin content of the Bramley’s Seedlings 
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attracts special attention. Judging from the results so far obtained one may 
exclude age of tree, soil and season as being directly responsible for this high 
activity, since, as we have seen, the Cox’s Orange Pippins, Worcester Pearmains 
and Dabinetts were grown under similar conditions and yet were less active. 
The contrast is even more marked when the Bramley’s Seedlings are compared 
with the King Edwards, a variety resembling them so much. Apart from the 
difference in the vitamin C content the only disparity which was observed in 
these two varieties was in the nitrogen content, but, as already stated, the 
number of estimates was few. Whether this property of the Bramley’s Seedling 
is “racial” and if so, whether it is associated with any other outstanding 
characteristic, has still to be established. It would be further of interest to 
ascertain whether the smaller degree of difference in the antiscorbutic activity 
observed among the dessert and cider varieties is definitely characteristic of 
these apples. 

That high antiscorbutic activity is the property of the average 
Bramley’s Seedling, whether freshly picked or stored and that it persists 
after heating, is a point of some interest to the dietetician. Yet one can 
hardly consider the lesser antiscorbutic activity of the dessert varieties, 
English or imported, as inimical to their nutritive value, since in the con¬ 
sumption of these varieties under normal conditions the vitamin C require¬ 
ments are usually amply covered by the general diet; much rather is the 
dessert apple valued for its palatability, flavour and other characteristic pro¬ 
perties. This point is stressed owing to the fact that there is a tendency at 
present to give w r rong values to experimental facts obtained in vitamin re¬ 
search when applied to practical hygiene and commerce. 

It is also quite difficult at this stage to interpret the significance of the 
disparity in activity of the apples which were stored at 10° in an atmosphere 
of oxygen, carbon dioxide and nitrogen and of those which were allowed to 
age in the ordinary atmosphere at 1°. What bearing, if any, vitamin C has 
on the physiological changes of the apple in its progress through youth, 
maturity and senescence is a problem which still awaits solution and which 
we hope will be elucidated by the experiments which are now in progress. 

Summary. 

1. Of a number of apple varieties tested for their antiscorbutic potency, 
Bramley’s Seedling was found to be markedly more active than all the 
other varieties, which differed among themselves comparatively very much 
less in their vitamin C content. There were no indications that the character 
of the soil, the age of the tree or season had any bearing on the antiscorbutic 
activity of the apple. 

2. Bramley’s Seedlings picked from the same tree 14 days before the 
normal crop were approximately of the same antiscorbutic activity. 

3. There was little loss in the vitamin C content of apples stored at 1° in 
the air or at 10° in a mixture of carbon dioxide, nitrogen and oxygen for about 
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3 months. The gas-stored apples showed, however, a definitely greater de¬ 
terioration in the vitamin. 

4. Tests carried out on a number of imported dessert apples showed that 
the activity was higher in those cases in which the time elapsing between the 
picking of the fruit and the testing was the shortest. There was also no indi¬ 
cation in the case of these apples of any very marked difference in activity 
which could be correlated with, the difference in variety. 

5. Heating of Bramley’s Seedlings in their skins hardly affected their 
antiscorbutic activity. 

It is with great pleasure that we take this opportunity of acknowledging 
our indebtedness to Drs. West and Kidd of the Low Temperature Research 
Station, Cambridge, and Professor Barker of the Agricultural and Horti¬ 
cultural Research Station, Long Ashton, for much valuable help and advice. 
It is evident from the nature of the inquiry that without their assistance the 
pomological aspect of this investigation would have been considerably re 
stricted. 

Our thanks are also due to Mr P. G. H. Barter of the Empire Marketing 
Board for his assistance in collecting the imported varieties of apples. 

Having had the privilege of consulting Sir William Hardy at various 
stages of this inquiry we cannot conclude without expressing our high appre¬ 
ciation of his stimulating encouragement. 
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It has boon observed from time to time by various investigators, e.g. Funk 
and v. Sehonborn [1914], Funk [1920], Honeywell [1922], Riddle and Honey¬ 
well [1923], Collazo [1923], Random and Lelesz [1925], Marrian, Baker, 
Drummond and WooJlard [1927], Schwarz and Heinrich [1928], and Kinnersley 
and Peters [1929], that the total reducing value of normal avian blood is 
considerably higher than that of normal mammalian blood; in fact this value, 
when expressed in terms of glucose, seems to show that the sugar level in 
normal birds is roughly the same as that which is characteristic of human 
diabetics, Schwarz and Heinrich, for example, found that the average total 
reducing value of hens' blood was as high as 253 mg. of glucose per 100 ec. 
when estimated by the Hagedorn and Jensen method. Marrian el al. obtained 
values of 180 mg. per 100 cc. for pigeons deprived of food for 24 hours. 
Collazo found 210 mg. of glucose per 100 cc. for pigeons; and Riddle and 
Honeywell observed variations in the sugar level according to the breed of 
pigeons used, their values lying between 149 and 258 mg. of glucose per 
100 cc. The question therefore arises whether these high values are caused 
by an additional amount of glucose as compared with that of mammalian 
blood, or whether the non-glucose reducing substances in avian blood are 
present in amounts sufficient to lower the true glucose value to one approaching 
mammalian limits. Intimately connected with this problem are the unpub¬ 
lished observations (a) by Kinnersley and Peters, that the reducing value of 
the blood of pigeons in insulin convulsions is about 70 mg. of glucose per 
100 cc. when estimated by the Hagedorn and Jensen method; and (h) by 
J. T. Irving, that the apparent glucose content of pigeons’ blood is about 
60 mg. when glycolysis has proceeded until the reducing value has become 
constant. We take this opportunity to express our indebtedness to I)r. Irving 
for allowing us to mention his observations. These results seem to show that 
the amount of non-glucose reducing substances in pigeons’ blood is con¬ 
siderable, and it is therefore important to ascertain their nature, relative 
proportions and, if possible, their function. This information is needed in 
order to decide what is the best method of estimating the blood-“ glucose,” 
but in addition unusual interest centres round the question of function, since 
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it has been shown by Riiter [1923] that glycolysis of goose and hen blood is 
slight or absent in vitro , and by Bornstein and Ascher [1926] that this is due to 
the presence of oxygen, observations which we have confirmed in the case of 
pigeons. It was considered possible that the inhibition of glycolysis and the 
apparent high content of non-glucose substances might be interdependent. 

Experimental. 

The reducing substances of normal pigeons’ blood. 

It is evident that the solutions of the two problems outlined above may 
be approached by the same route, namely by determining the total “ sugar/ 5 
eliminating the true glucose by means of insulin or glycolysis, and then 
estimating the substances responsible for the residual reduction. This choice 
of method of eliminating glucose is justified by the work of Hiller, Linder 
and Van Slyke [1925], who concluded that glycolysis and the administration 
of insulin resulted in the destruction of the same amount of glucose. From 
the figures thus obtained the true glucose content may be calculated. In 
order to avoid any criticism -which might be levelled at this statement, we 
wish to make it clear that we do not contemplate entering the present con¬ 
troversy on true blood-glucose. For the purpose of the present communi¬ 
cation, we shall consider as the blood-glucose the reducing substance (or 
substances) which disappear during glycolysis or after insulin treatment. 

Throughout this work the reducing values have been determined by the 
Hagedorn and Jensen method. A survey of the literature on the subject of 
blood-sugar has convinced us that it would be unwise to base conclusions on 
results derived by different methods. The work of Herbert and Groen [1929] 
is of special interest in this connection. 

The samples have been collected by stunning and guillotining the pigeons 
(in some cases stunning was omitted), and shedding the blood directly into 
heparin (6 mg. per bird). This anti-coagulant has no significant reducing value 
in the Hagedorn and Jensen estimation. Assuming that it survives completely 
the initial stage of protein precipitation, its presence in a concentration of 
1 mg. in 1 cc. of blood would raise the blood-“ sugar ” by 1-2 mg. per 100 cc. 
since 0*5 mg. of heparin is equivalent to 0-04 cc. of 0*005 N alkaline ferri- 
cyanide. 

Glycolysis, though absent in aerated avian blood, proceeds normally in 
presence of potassium cyanide or in absence of oxygen [Bornstein and Ascher, 
1926]. In the glycolytic experiments recorded in this paper, it has been found 
advisable to add 1 mg. of potassium cyanide per cc. of blood. In this con¬ 
centration potassium cyanide has no significant effect in the Hagedorn and 
Jensen method, supposing that it survives the initial protein precipitation, 
since determinations with aqueous solutions have shown that 0-1 mg. of 
potassium cyanide is equivalent to 0*01 cc. of 0-005 N alkaline potassium 
femcyanide. 
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Characteristic curves are given in Fig. 1 for the glycolysis in presence of 
cyanide of normal pigeons’ (A) and of cockerels’ blood (C) when agitated 
gently at 37°. Curve A shows that, in confirmation of Irving’s [1926] obser¬ 
vations for mammalian blood and unpublished observations for pigeons’ 
blood, glycolysis proceeds in an approximately linear manner. After some 
6 hours in pigeons’ blood, it stops rather abruptly at 60-70 mg. “apparent” 
glucose per 100 cc. This value has been regarded throughout this research as 
the “residual” reduction after glycolysis. Curve C shows that in a cockerel 
glycolysis stops abruptly at approximately the same level and indicates that 
the facts here described are also true for hen blood. This matter has not been 
further investigated. 



Fig. 1. Glycolysis in presence of cyanide. 

A. Normal pigeon. B. Abnormal avitaminous pigeon. C. Normal cockerel. 

The curve B represents the glycolysis of the blood of a polyneuritic pigeon 
under the same conditions, and is included in order to show that the form of 
the curve is unaltered (as compared with the normal bird). The values in curve B 
are however exceptional, being the lowest ever recorded for B-avitaminous 
pigeons in this laboratory. We have been unable to obtain curves for more 
typical avitaminous pigeons owing to an apparent inefficiency of the glycolytic 
system in such cases (see p. 101). 

The total value of the “ residual ” reduction in terms of glucose . 

In Table I may be seen the effect of eliminating the glucose from the blood 
of a number of typical normal pigeons. Attention is directed to the high total 
blood-“sugar” and the comparative constancy of the residual reduction figure 
after glycolysis. 

Table I. 

Results in mg. glucose per 100 cc. blood. 



Initial 

Duration of 
glycolysis 

Residual reduction 

Bird 

“sugar** 

in hours 

KCN 

Anaerobic 

1 Insulinised 

(88)* 

4 

69 

71 

2 Normal 

212 

— 

— 

— 

3 „ 

237 

10 

74 

78 

4 „ 

239 

24 

68 

_ 

5 M 

223 

12 

* In convulsions. 

82 

—- 
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The average value for the blood-“ sugar ” in normal pigeons as taken out 
of the cage (and therefore feeding) has been found to be 230 mg. ± 20 mg. per 
100 cc., and that for birds kept without food for 24 hours 205 mg. ± 15 mg. 

Since the residual reduction value represents non-glucose substances, the 
approximate glucose content of pigeons’ blood may be derived from the 
preceding table. The average value for the total “sugar” is 228 and that of 
the residual reduction 73, whence the glucose content is 155 mg. per 100 cc. 
for the feeding bird, a value greater it is true than that of most mammalian 
bloods, but lower than the uppermost limit for the ox [Schwarz, 1928]. Hence 
the glucose value for the blood of pigeons deprived of food for 24 hours must 
be 135 ± 15 mg. per 100 cc. It is clear therefore that the residual reducing 
value of pigeons’ blood is considerably higher than that of mammalian blood, 
and consequently the true glucose value of birds’ blood is not so widely 
divergent from that of mammals as the Hagedorn and Jensen estimations 
appear to show [compare Lund and Wolf, 1926]. 

The nature of the residual reducing substances. 

Attention was then directed to the nature of the substances responsible 
for the residual reduction, and uric acid, glutathione and ergothioneine came 
into consideration as possibilities. Uric acid has long been known to occur 
in avian blood, and Random and Fabre [1927] have detected aliphatic 
sulphydryl compounds in pigeons’ blood and estimated the average content 
as 61 mg. per 100 cc. of blood, although individual variations were large. 
Hunter [1928] found ergothioneine in fowls’ blood, and we have isolated some 
5 mg. of the hydrochloride from the combined bloods of ten pigeons (see p. 101). 

Reducing value of uric acid. Holden [1926] has observed that the reducing 
power of uric acid in the Hagedorn and Jensen method is 53 % of that of 
glucose. Flatow [1926] showed that uric acid reduces cold potassium bTri- 
cyanide solution. Similar experiments have now been performed from which 
it has been deduced that uric acid when oxidised by cold alkaline potassium 
ferricyanide solution has a reducing value of 53 % of that of glucose when 
oxidised by hot ferricyanide, and that this value remains unchanged when 
the mixture of uric acid and ferricyanide is heated as in the Hagedorn and 
Jensen method. 

Oxidation by cold alkaline ferricyanide. Since the Hagedorn and Jensen 
method involves the liberation of free iodine, it is clear that compounds such 
as ergothioneine and glutathione, which contain sulphydryl groups, will have 
an “apparent” reducing value even if stable to ferricyanide, since the amount 
of ferricyanide reduced is measured by estimating by means of thiosulphate 
the amount of iodine liberated by the excess of ferricyanide. The utilisation 
of iodine in such oxidations would therefore appear as oxidation by ferri¬ 
cyanide. In the hope of estimating the non-glucose reducing substances by 
such means, a “cold Hagedorn and Jensen method” has been employed. 
The sole modification is that the alkaline ferricyanide solution and blood 
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filtrate are not heated but are at once mixed with potassium iodide-zinc 
sulphate solution, then with acetic acid and titrated with thiosulphate. The 
blank estimation is of course a simple titration of unheated ferricyanide with 
thiosulphate. In Table II are recorded the “cold” reducing values, calculated 
as mg. glucose in 100 cc. of the bloods of the same pigeons used for the 
experiments of Table I. 

Table II. 

1 and 8 insulinised, 2-7 normal. Resulte in mg. glucose per 100 cc. 

Bird 1 2 3 4 5 0 7 8 

Initial cold value 32 34 32 — 32 11 30 44 

After glycolysis — — — 30 35 14 32 — 

It is clear that with one exception, which will be discussed below, there is 
little significant variation in normal pigeons and that the “cold” value is 
not affected either by glycolysis in presence of cyanide or by the administra¬ 
tion of insulin. It should also be noted that the figures represent only 40-60 % 
of the total non-glucose reduction. This fact will be referred to later. 

Table III has been constructed to show that the substances responsible 
for the “cold” reducing value and also for the residual reduction by the 
customary method are present almost entirely in the corpuscles, and that the 
serum is almost free from these substances. 


Table HI. 

Results in rug. glucose per 100 cc. Bloods centrifuged, relative volumes of corpuscles and 
serum noted, and plasma pipetted off. Corpuscles usually diluted to original volume of blood 
with saline. Figures in brackets are samples taken after complote glycolysis. 



Corpuscles 

Serum 

-A. 

Whole blood 


Cold 





Bird 

Hot 

Cold Hot 

Cold 

Hot 

I 

34 

73 

4 „ 

34 

213 

2 

— 

50 

(10) 

(21) 

— 

368 

3 

— 

71 (53) 

— 

370 

4 

— 

(33) 

(ID 

— 

(63) 



Table IV. 




Amounts in mg. 

Vol. of solutions, 15 

cc. 


Method 

Ergothioneine Glucose 

Apparent 

Glucose 

Reducing power 

added 

added 

glucose 

calc. 

glucose = 1(X) 

Cold* 

0172 

None 

0*097 

— 

56 

Coldf 

0178 

♦ » 

0*099 

— 

56 

ColdJ 

0*200 


0-108 

—. 

54 

Hot* 

0*172 


0-104 

— 

61 

Hotf 

0*178 


0-117 

— 

66 

Hott 

0*200 


0-133 

— 

66 

Cold 

None 

0-299 

None 

-—. 

— 

Hot 

»> 

0-312 

0*229 

0*312 

— 

Hot 

0*086 

0149 

0*200 

0*180 

59 


* 

Ergothioneine from ergot. 




t Ergothioneine from ergot (different sample). 



X Ergothioneine from pigs' blood. 

Reducing mines of ergothioneine . Table IV shows the reducing power of 
ergothioneine by the “hot” and “cold” Hagedom and Jensen methods and 
makes it clear that coupled oxidations with glucose do not occur (cf. Somogyi, 
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1927]. Holden [1926] has shown that uric acid, cystine, creatinine and amino- 
acids do not give rise to coupled oxidations. Sjollema [1927] states that 
ergothioneine in 0*1 % solution has a reducing value of 84 as compared with 
glucose 100. 

Reducing values of glutathione. Table V shows the “hot” and “cold 5 
values for the tripeptide reduced glutathione [Hopkins, 1929]. 

Table V. 

Amounts in mg. Vol. of solutions 15 cc. 


Exp. 

Method 

Glutathione 

added 

Apparent 

glucose 

Reducing pou er 
glucose = 100 R cm arks 

1 

Cold 

0-500 

0*088 

17-6 

Titrated immediately 

2 

Cold 

0-500 

0-064 

12-8 

(30 secs.) after adding 
alkaline ferricyanide. 
Titrated 5-15 mins. 

3 

Hot 

0-500 

0-227 

45-4 

after adding alkaline 
ferric yamde 


Exps. 1 and 2 show that the speed of estimation makes a considerable 
difference to the result obtained by the cold method, and Exp. 3 that hot 
ferricyanide gives a much higher value than cold. 


Estimations of non-glucose reducing substances in diffen rd filtrates. 

In attempting to draw up a balance sheet of non-glucose reducing sub¬ 
stances, we were led to examine qualitatively, and later quantitatively, blood- 
filtrates obtained by different methods. The following tabic gives a list of the 
compounds present. 


Table VI. Reducing compounds other than glucose present in blood-filtrates . 


Total: 70 mg. 

± 10 mg. per 100 cc. (calculated 

Tungstic Trichloroacetic 

as glucose). 

Approx, 
amount in 
zinc filtrate 
in mg. per 

Substance 

acid 

acid 

Zinc 

100 cc. 

(1) Uric acid 

+•(«) 

? 

? 

? 

(2) —SH compounds 


+ W 

— 

— 

(3) —S.S— compounds 

+ (c) 

4 

— 

— 

(4) Ergothioneine 

+ (<*) 

? 

? 

+ (/j 

30 

(6) Unknown, reducing 
cold ferricyanide 

? 

4- 

10 

(6) Unknown, reducing 
hot ferricyanide 

? 

9 

4 

40 


* (a) Benedict [1922]. (6) Nitroprusside reaction, (c) Walker’s reaction [1925J. (d),(/) Com¬ 

pounds giving G. Hunter’s ergothioneine reaction [1928J. (e) Less —SH compounds present than 
in (5). 

It will be seen that the zinc filtrates (Hagedorn and Jensen) are freer than 
others from all compounds except ergothioneine, and that for any given blood 
the variations between the reducing values obtained upon a zinc filtrate and 
a trichloroacetic acid filtrate will depend upon fluctuations in ergothioneine 
content and the extent to which other sulphur compounds are present in the 
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trichloroacetic acid filtrate. This accounts for results of Kinnersley and Peters, 
in which with pigeons’ blood they have found irregular variations between 
the “sugar” values of these two filtrates respectively, the trichloroacetic 
acid filtrates being 20-30 mg. higher. Ergothioneine cannot be estimated in 
the trichloroacetic acid filtrates because this reagent inhibits the diazo¬ 
reaction even in neutralised filtrates. 

After these experiments were completed, we became aware that Somogyi 
[1929, 1] had stated that ergothioneine, glutathione and uric acid are absent 
from zinc filtrates. The discrepancies between the two series of results are 
doubtless due to the fact that Somogyi precipitated the proteins by shaking 
at room temperature and not by heating, as in the Hagedorn and Jensen 
method. The present observations explain the statement by Somogyi in another 
paper [1929, 2] that the Hagedorn and Jensen technique leaves only about 
half as much of non-fermentable reducing substances in the filtrate as the 
tungstic acid procedure. 

Bearing in mind that the cold reducing value of uric acid is 53 %, of 
ergothioneine 56 %, and of glutathione 17 % of that of glucose, we may now 
compare the amounts of ergothioneine, uric acid and aliphatic — SH com¬ 
pounds as estimated by accepted methods with the values obtained for the 
cold reduction of various types of filtrate. 


Table VII. 


Th© pigeons are the same as those in Tables I and It. Results in mg. per 100 cc. blood. 
5-7 normal, S insulinised. 


Tungstic acid 



Zinc. 

Ergo- 

Trichloro* 
acetic acid. 
Total —SH 

Total —SH 

Indirect 

A_ 

Rockwood 

thioneine 

Ergo- 

Bird 

thioneine 

as cysteine 

as cysteine 

uric acid 

as uric acid 

tliionein© 

6 

0 

42 

61 

3-8 

10 

0 

7 

33 

61 

85 

3 7 

1*3 

13 

5 

— 

85 

— 

4*5 

1*7 

— 

8 

— 

— 

— 

— 

— 

10 

17 

30 

— 

— 

— 

— 

6 

18 

27 

— 

— 

— 

— 

5 


Ergothioneine and —SH compounds. Table VII records estimations of 
these in the bloods of normal pigeons. Ergothioneine was estimated by 
Hunter’s method, using aqueous solutions of ergothioneine hydrochloride as 
standards, and the total sulphydryl compounds were determined by adding 
to the solutions an excess of 0*005 N iodine in potassium iodide solution and 
titrating the unused portion with 0*005 V thiosulphate solution using starch 
as indicator. Tungstic acid filtrates were rendered faintly acid before the 
estimation of sulphydryl compounds. The term “indirect uric acid” has the 
meaning given by Bulmer, Eagles and Hunter [1925] and represents that 
portion of the silver precipitate which is decomposed by sodium chloride- 
hydrochloric acid solution and considered to be true “uric” acid. “Rockwood 
thioneine” represents the insoluble solid from this treatment, which was 
regarded as ergothioneine by Rockwood, Turner and Pfiffner [1929]. This 
Biochem. 1930 xxrv 


7 



98 


J. M. GULLAND AND R. A, PETERS 


fraction contains a considerable amount of aliphatic sulphydryl compounds 
or disulphides as may be shown by means of Walker’s test, and the figures 
have no real significance. The “indirect uric acid” fraction also contains 
traces of these compounds, but when estimated colorimetrically their concen¬ 
tration was about 1 in 8000. Their presence may be neglected, since we have 
found that one part of uric acid gives the same colour as 125 parts of cystine 
in the Benedict method [1922] of estimation. 

It will be noticed that whereas zinc filtrates tend to give 30 mg. ergo- 
thioneine (with exception of bird 6 to which reference is made later), the 
values for ergothioneine in the tungstic acid filtrate are lower and variable. 
This is in part due to the difficulty of comparing the colours in the latter 
filtrates. In the case of 17 and 18, the tungstic acid filtrates gave a colour 
with Hunter’s reagent which matched phenol, red of p H 7*3 and 7*1 respec¬ 
tively, and the values were obtained by matching against a phenol red 
standard at ^> H 7*1. For this purpose we made the assumption that there was 
present in the p H 7*1 solution 1/5 phenol red dissociated as the alkaline 
indicator. The results for the tungstic acid filtrates can be regarded as only 
approximate, but it is clear that zinc filtrates appear to contain considerably 
more substances which give Hunter’s ergothioneine reaction ihan do tungstic 
acid filtrates. These may be ergothioneine itself, or perhaps other thiol- 
glyoxalines, since it is stated [Benedict and Newton, 1929] that tungstic acid 
coagulation precipitates a large proportion of the ergothioneine present in 
blood. In this connection it may be noted that Sjollema [1927] concluded 
from sulphur analysis that sulphur-containing compounds other than ergo¬ 
thioneine and glutathione are present in blood. 

Hot and cold Hagedorn and Jensen estimation of different types of filtrate. 

In Table VIII are shown the results of estimations made on the zinc, 
trichloroacetic acid and tungstic acid blood-filtrates of the same pigeons by 
the cold and hot Hagedorn and Jensen methods. Though not numerous these 
results are sufficient to show the type of variation to be expected in general; 
the “sugar” values of zinc and trichloroacetic acid filtrates differ somewhat 
by the hot method, the latter being slightly higher, and the results for 
all three types of filtrate show variations by the cold method. These dis¬ 
crepancies are no doubt due in part to the fluctuating content of aliphatic 
sulphydryl compounds. Sjollema [1927] has observed a similar increase in 
non-glucose reducing substances in tungstic as compared with trichloroacetic 
acid filtrates. In view of the results with pigeon No. 6 it is interesting that 
Herbert and Groen [1929] have observed that the hot Hagedorn and Jensen 
method gives figures which are on the average 27 mg. per 100 cc. higher in 
tungstic acid than m zinc filtrates obtained from human blood. 

It will be noted that “cold” values upon the tungstic filtrate give about 
30 mg., or approximately the same as the zinc filtrate, though it must be 
emphasised that the substances responsible are different in the two cases. 
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Table VIII. 

Results as mg. glucose per 100 cc. blood. 



Zinc 


Trichloroacetic acid 

Tungstic 

Bird 

Cold 

Hot’ 

Cold 

Hot ‘ 

acid. 

Cold 

7 

30 

227 

14 

_ 

— 

6 

11 

253 

19 

— 

34 

4 

— 

239 

28 

246 

— 

5 

32 

223 

28 

225 1 

— 

17 

— 

— 

_ 

— 

31 

18 

— 

— 

— 

— 

30 


All trichloroacetic acid filtrates were neutralised before estimation. 

Unknown substances reducing “ cold” ferricyanide. 

Special interest attaches to the estimation of zinc filtrates by the cold 
method because the amounts of non-glucose substances there present are 
unable to account for the whole of the reduction. This is best illustrated by 
reference to pigeon No. 6, from whose blood ergothioneine was absent. The 
cold value is still 11 mg. of glucose per 100 cc., and the uric acid content 
(estimated from the tungstic acid filtrate) is of the normal order. Assuming 
that the same amount is present in the zinc filtrate, it is approximately 
equivalent to 2 mg. of glucose, so that the equivalent of 9 mg. of glucose per 
100 cc. remains unaccounted for. The assumption made here is probably 
unjustified if interpreted too exactly, but the uric acid content of zinc and 
tungstic acid filtrates would presumably be of the same order. Now uric 
acid has half the reducing power of glucose, and creatinine and creatine, which 
may also be present, are stable to cold alkaline ferricyanide in amounts 
representing 200 mg. per 100 cc. of blood, whereas Scheunert and Pelzchrzim 
[1923] have estimated the combined creatine and creatinine as only 4-7 mg. 
of creatinine per 100 cc., a figure in harmony with the results obtained for 
other avian bloods by different workers [Hunter, A., 1928]. It follows therefore 
that zinc filtrates must contain at least one other non-glucose reducing sub¬ 
stance which represents about 10 mg. of glucose and is oxidised by cold 
alkaline potassium ferricyanide or by iodine. This conclusion is supported by 
the case of bird No. 7 where an approximate balance-sheet for the cold re¬ 
duction value shows that the equivalent of some 10-12 mg. of glucose is 
again unaccounted for. Evidence leading to the same conclusion may be 
derived from a consideration of the cold reducing value for the avitaminous 
pigeon No. 14, namely 18 mg. of glucose per 100 cc., since ergothioneine was 
present only in small amount in the zinc filtrate (approximately 8 mg. per 
100 cc.). 

Unknown substance reducing hot ferricyan ide . 

Turning now to the residual non-glucose reduction of zinc filtrates by the 
hot Hagedom and Jensen method as determined by insulin and glycolysis, 
the average increase of this over the cold values is 40 mg. of glucose per 
100 cc. Part of this increase is no doubt due to creatinine, stated by Holden 
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[1926] to have 67 % of the reducing power of glucose and by Holmes and 
Holmes [1926] to have a maximum effect of about the same value. Part 
corresponds to creatine, which Holmes and Holmes have shown to have a 
maximal efficiency of about 25 % of that of glucose; and part must represent 
the increase in the “hot” value over the “cold” for ergothioneine. These 
corrections cannot amount to more than 3 mg. per 100 ce. in all, and it is 
therefore evident that a considerable balance remains unassigned, although 
its nature must at present remain indefinite, Three hypotheses, however, 
may be cited. The presence of a uric acid-ribose compound such as that 
isolated from various bloods by Davis, Newton, and Benedict [1922], or 
of other purine- or pyrimidine-carbohydrate compounds, would offer an 
explanation of the unassigned values in both the cold and hot methods, and 
is attractive in view of the peculiar position of uric acid in avian metabolism. 
Alternatively, the view may be taken that the unassigned cold and hot values 
have no relationship, and that the additional hot value represents either 
non-glucose carbohydrate or glucosephosphoric esters which have been formed 
during glycolysis or after the administration of insulin. 

The non-glticose reducing substances of B-avitaminous 'pigeons' blood. 

Analyses of the reducing substances in the blood of B-avitaminous pigeons 
have been made chiefly to determine whether the hot and cold reducing values 
were altered in these abnormal cases. The results are recorded in Table IX. 

Table IX. 

Results in mg. per 100 cc. blood. 

Zinc 


Glycolysed; time Trichloroacetic acid. Tungstic acid 

in brackets Initial (calc. ,- * - 

Initial in hrs. as glucose. Total 




(calc, as glucose) 


neutralised) 

—SH 

Indirect 


Bird 

Cold 

Hot 

Cold 

Hot 

Cold 

Hot 

(calc, as 
cysteine) 

uric 

acid 

Remarks 

9 

21 

336 

25(11) 

270 

— 

— 

61 

4*6 

H.R. 

10 

34 

425 

29(22) 

288 

— 

-— 

— 

— 

H.R. a 

11 

— 

216 

— 

— 

32 

255 

_ 

_ 

_ 

12 

21 

195 

— 

— 

21 

207 

— 

_ 

H.R. b 

13 

— 

115 

— (6) 

44 

— 

— 

— 

_ 

H.R. 

14 

18 

368 


48 

— 

— 

— 

_ 

H.R. 

15 

18 

370 

— 

74 

— 

— 

_ 

_ 

H.R. 

16 

26 

287 

— 

— 

26 

285 

— 

— 

H.R. 


H.R. indicates head retracted* a, very abnormal bird, h , no symptoms after being on diet 
72 days. 


Examination of Table IX reveals that there is no very significant varia¬ 
tion between undieted and avitaminous pigeons as regards the cold values 
for zinc or trichloroacetic acid filtrates, and that the hot values for these 
filtrates in the case of polyneuritic birds have the same inter-relationship as 
in normal cases. The content of total sulphydryl compounds and of uric acid 
would seem to be unaffected by the change in diet. The cases have been 
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selected so that they include not only birds showing polyneuritic hyper- 
glycaemia (Nos. 9, 10, 14, 15), but also those exhibiting normal values (Nos. 
11, 12), and one having a very abnormally low blood-sugar (No. 13). 

In those pigeons in which the glucose content is very high the glycolytic 
system may be either impaired or unable through inactivation to deal with 
the large amounts of glucose, since in several instances (see Nos. 9 and 10) 
attempts to determine the residual reduction by removing glucose by glyco¬ 
lysis were unavailing. Recourse was therefore made to the following pro¬ 
cedure (see Nos. 14 and 15). The blood was centrifuged, the respective volumes 
of corpuscles and serum noted, and the corpuscles suspended in sufficient 
isotonic saline to make up the volume of the blood. The glucose was then 
eliminated by glycolysis from the saline suspension and from a kno wn mixture 
of a small part of the serum and a larger fraction of the corpuscular sus¬ 
pension. Glycolysis was almost complete in the corpuscle-serum mixture 
after 2| hours, as was confirmed by determinations after a further period of 
1| hours. From these results the residual reduction for the whole blood by 
the hot Hagedorn and Jensen method was calculated. It is clear that the 
residual reduction, due to non-glucose substances, is of the same order as in 
normal pigeons, but that it fluctuates more widely. 

Isolation of ergothioneine hydrochloride from pigeons' blood . 

Ten normal pigeons were stunned and guillotined, and in each case the 
blood (120-150 cc. in all) was shed into 60 cc. of boiling 0*01 N acetic acid. 
After being boiled for one minute to complete coagulation, the combined 
extracts were filtered and treated exactly as described by Benedict, Newton 
and Behre [1926] in the isolation of ergothioneine from pigs' blood. The 
residue (12.mg.) of crude ergothioneine hydrochloride obtained by evaporating 
the final acid solution to dryness in a vacuum desiccator was almost free from 
aliphatic disulphide compounds (Walker’s test). It crystallised when rubbed 
with a drop of 0-5 N hydrochloric acid, and the crystals were pressed on filter 
paper and dried at 105°. The yield of pure material was 5 mg. This material 
melted at 207-208° alone or when mixed with a pure specimen of ergothioneine 
hydrochloride obtained from ergot, m.p. 207-208° (Tanret [1909], compare 
Newton, Benedict and Dakin [1927]), gave a very positive reaction by Hunter’s 
test in which the odour of trimethylamine was much in evidence, and was 
free from aliphatic sulphydryl and disulphide compounds. In an attempt to 
obtain a further supply for analysis, the blood from ten pigeons was worked 
up in the same way, but the product in this case (10 mg. in all) contained a 
relatively greater proportion of aliphatic disulphides, detected by Walker’s 
test, and the amount was inadequate for recrystallisation. Since there can 
be no question that the substance isolated was ergothioneine hydrochloride, 
we did not think it justifiable to sacrifice the large number of pigeons which 
would be necessary to enable an analysis to be made. 
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Discussion. 

As a practical issue of the above work, we think that zinc filtrates made 
by the Hagedorn and Jensen method are the most reliable material for the 
estimation of glucose in avian blood, because they contain apparently a 
smaller number of non-glucose reducing substances than other types of 
filtrate. Somogyi’s method of precipitation at room temperature is stated to 
be reliable for human blood, but on the one occasion on which we tried it we 
found that the filtrate gave a “cold” value of 16 mg. per 100 ce. (calculated 
as glucose) and a “hot” value of 299 mg. The figures obtained for the normal 
Hagedorn and Jensen filtrate of the same blood were 26 and 287 mg. respec¬ 
tively. Since Somogyi’s filtrate presumably did not contain uric acid, gluta¬ 
thione, or ergothioneine [Somogyi, 1929, 1], it follows that it must have 
contained considerable amounts of other non-glucose substances. We regard 
the value of 16 mg. per 100 cc. obtained by the “cold” estimation of the 
Somogyi filtrate as additional evidence for the presence of the suggested 
unknown “cold” reducing substance. 

Throughout this paper it has been assumed that absence of Hunter’s 
ergothioneine reaction presupposes absence of thiolglyoxaline compounds, 
except in the case of trichloroacetic acid filtrates. It is possible, however, 
that ergothioneine may exist in the corpuscles in equilibrium with its - S.8— 
form, and that this oxidised form does not give the Hunter reaction. This 
compound has been obtained by Tanret [1909] and by Barger and Ewins 
[1911] as a periodide, but has not yet been isolated from blood. No in¬ 
formation as to its behaviour towards the diazo-reagent is available, but 
experiments bearing on this point are in progress. 

It is of considerable importance from the standpoint of comparative 
observations upon birds and mammals to know that the working concen¬ 
trations of glucose in the tissues of the. two classes are not widely different. 

The results for the avitaminous birds settle a possible objection to the 
conclusion of Rinnersley and Peters [1929] that the increased lactic acid in 
such brains does not depend upon the sugar content of the blood. If the 
concentration of non-glucose reducing substances in an avitaminous bird had 
been much less than normal, then an apparently normal “sugar” value would 
actually mean a higher glucose content. Since this is not true, the conclusions 
are valid. 


Summary. 

1. The residual reducing value after glycolysis in pigeons’ blood is approxi¬ 
mately 70 mg. “glucose” per 100 cc. by the Hagedorn and Jensen method, 
representing substances mainly in the corpuscles. This agrees with the value 
reached in insulin convulsions. 

2. It has been deduced that the glucose content in the blood of pigeons 
kept without food for 24 hours is 135 mg. ± 15 mg. per 100 cc,, being not so 
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widely different from that of mammals as suggested by the total reducing 
value of approximately 200 mg. 

3. Filtrates prepared by different methods contain different proportions 
of ergothioneine, uric acid and glutathione (aliphatic —SH compounds). 
These substances can be estimated in terms of glucose (100) by a “cold” 
Hagedom and Jensen method, their values being: uric acid 53, glutathione 17 
(hot 45), and ergothioneine 56. 

4. Zinc filtrates made by the Hagedom and Jensen method are the most 
reliable for estimating reducing substances in avian blood, but these contain 
in addition to glucose, ergothioneine and some other unknown substances 
reducing the ferricyanide reagent. Approximately 60 % of the residual value 
is not accounted for by ergothioneine. 

5. Zinc filtrates do not contain aliphatic —S.S— and —SH compounds. 

6. There are no significant variations from the normal in B-avitaminous 
birds. 

7. Ergothioneine hydrochloride has been isolated from pigeons’ blood. 

We are indebted to Dr H. King for a sample of ergothioneine from blood, 
and to Sir F. G. Hopkins and Dr M. Dixon for a sample of glutathione. We are 
also grateful to the Medical Research Council for a grant towards the expenses 
of the research. 
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XV. HEAT-STABILITY OF THE (ANTI-DERMA¬ 
TITIS, “ ANTI-PELLAGRA”) WATER-SOLUBLE 

VITAMIN B 2 . 

By HARRIETTE CHICK and MARGARET HONORA ROSCOE. 
From the Department of Experimental Pathology , Lister Institute , London . 

{Received January 2nd , 1930.) 

When Goldberger and his colleagues [1926] discovered in yeast the water- 
soluble vitamin B 2 , the nutritional factor which they named “P-P” and 
considered was involved in the prevention and cure of human pellagra, its 
separation from the antineuritic vitamin B x was achieved by heating the 
yeast in an autoclave for hours at 15 lbs. pressure. By this degree of heat 
the antineuritic vitamin was destroyed but the yeast thus heated contained 
a dietary factor necessary to prevent dermatitis and maintain health and 
growth in young rats. 

In the efforts of subsequent workers [Chick and Roscoe, 1927, 1928, 1929; 
Williams and Waterman, 1927, 1928; Hogan and Hunter, 1928; Reader, 1929] 
to unravel the complex formerly known as “vitamin B,” autoclaved yeast 
and autoclaved yeast extracts have frequently been employed as sources of 
vitamin B 2 apart from vitamin B 1? and the former is usually referred to as 
the ‘‘heat-stable” or 44 more heat-stable” constituent of the complex. 

There is, however, little precise knowledge as to the degree to which 
vitamin B a is stable to heat, or of its sensitiveness to the action of acids and 
alkalis at high temperature. At the present time such information is especially 
important in view of the recently reported discover}" of other thermolabile 
and thermostable constituents of the vitamin B complex, in addition to the 
w r ell-estal)lished factors Bj and B 2 [Hunt, 1928; Williams and Waterman, 
1928; Reader, 1928, 1929; Peters, 1929]. These researches are discussed later 
in this paper. 

While the following experiments were in progress, Williams, Waterman 
and Groin [1929] published their investigation of the effect of reaction upon 
the destruction of vitamins B x and Bg in brewer’s yeast, when heated for 
6 hours at 120° in an autoclave. They observed the growth of rats on diets 
in which the heated material was the sole source of vitamin B x or B 2 respec¬ 
tively. They concluded that much of the original vitamin B^ survived the 
above degree of heating if the reaction were that natural to yeast (p H about 
4*5) and more if it were more acid { p H 1*0~2*0), and further that some at 
least of the vitamin B* could survive this treatment if the reaction were acid. 
If the material heated were alkaline {p& 8-14) both vitamins were destroyed. 
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As far as we are aware the only approximately quantitative data in the 
literature on the heat-stability of vitamin B 2 are contained in a previous paper 
of our own [1927], where a comparison was made between the content of 
vitamin B x and vitamin B 2 respectively, in dried brewer’s yeast before and 
after heating for 5 hours in an autoclave at 120°. Of the unheated yeast 
0*05 g. sufficed to cure the collapse due to lack of vitamin B 2 observed in 
young rats on an otherwise complete diet, while no alleviation of symptoms 
was observed with 0*2 g. of the heated material. When the diet contained 
vitamin B x as Peters’s [1924] antineuritic yeast concentrate, 0*2 g. daily of 
the unheated, or 0*3-0*4 g. daily of the autoclaved, yeast sufficed to maintain 
growth and prevent dermatitis. That is to say, yeast after exposure to moist 
heat at 120° for 5 hours, contained about 50 % of the vitamin B 2 , but no 
significant amount of the vitamin B x , present in the original material 

The present paper contains the results of a more precise determination of 
the stability to heat of vitamin B 2 as contained in two different yeast products. 
Washed, pressed brewer’s yeast was used in one series of experiments 
(A, Table I); “Yeast Fraction 5,” an extract made from the former with 
dilute acetic acid, in a second series (B, Table II). 

Series A (Table I). Fresh brewer’s yeast w r as washed with cold tap-water and 
filtered four times; it was then pressed. A weighed sample (No. 1) was removed 
and dried to serve as control material and for determination of dry weight. 
Five weighed portions of the remainder were taken, each puddled to a thick 
cream with an equal weight of w r ater, the p H being about 5*0 (hromooresol 
green). One portion (No. 2) was heated in a steamer for 2 hours at 98-100° 
and another (No. 4) autoclaved at 123° for 5 hours. Of the remainder, portions 
3 and 5 were made alkaline by addition of strong sodium hydroxide to a p rj 
about 9-10 (thymol blue) and heated respectively as portions 2 and 4 above. 
Portion 6 was acidified with concentrated hydrochloric acid to p H about 3*0 
(thymol blue and bromophenol blue) and autoclaved for 5 hours at 123°, 
during which process the acidity fell to a p B of about 3*5. The alkaline 
material in portions 3 and 5 similarly became less alkaline during heating. 
After heating, all five portions were dried to a convenient consistency in a hot 
room under a fan, 3, 5 and 6 being previously acidified to a p M of about 4-5. 
Determinations of the dry weight were made in each final product, and, in the 
subsequent tests, the doses were calculated in terms of the dry weight of 
yeast contained. The values for p H given above were obtained colorimetrically 
with indicators and are approximate only. 

The method of vitamin B 2 assay was that previously described [Chick 
and Roscoe, 1928; Aykroyd and Roscoe, 1929]. Young rats, 35-45 g. weight, 
immediately after weaning, were placed upon the basal diet free from B vita¬ 
mins for 1-2 weeks, during which period growth was arrested. Afterwards, 
they received a suitable daily dose of the material to be assayed for vitamin \ 
and 0*1 cc. (the equivalent of 0*6 g. yeast) of Peters’s [1924] antineuritic yeast 
Concentrate, as source of vitamin B x . The growth of the rat was then observed 
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Table I Heat-stability of vitamin B 2 in brewer's yeast, determined by observations on the 
growth of young rats receiving doses of the material before and after heating, respectively , 
as sole source of vitamin B 2 in a diet * complete in other respects and including 
vitamin B x as Peters's antineuritic yeast concentrate (daily dose equivalent to 0*6 g. 
original yeast). 


Reaction 

during 


heating 




Pu 

Daily dose in terms 



Material 

approxi¬ 

of dry yeast 


Exp. 

(Yeast XVII) 

mate 

g* 

Litter 

1 

Washed, pressed, 

— 

0*25 

1366 

Control 

dried 


0*2 

1367 




0-2 

1378 




0*2 

1385 




0*1 

1367 




0*1 

1378 

2 

Steamed 2 hrs. 

5-0 

0*2 

1385 


98-100° 


0*2 

m r > 

3 


9 10 

0*4 

1371 




04 

1367 




0*2 

1385 

4 

Autoclaved 

50 

0*8 

1438 


5 hrs. at 123 J 


0*4 

1367 




0*4 

1374 




02 

1378 




0*2 

1367 

5 


9-10 

0*4 

1374 




0*4 

1374 




0*4 (4 0*1 g. drv yeast) 





H ’ 

1374 




0*4 (d 0*1 g. drv veast) 

1367 




0*4 




0-4 (4 0*1 g. dry yeast) 


6 

1) 

3*0-3* 5 

0*8 

1438 




0*4 

1367 




0*4 

1374 




0*2 

1378 




0*2 

1367 



Body- 
weight 
at be- 
ginning 

Weekly increments 
of body-weight 

Average 
(1st week 


of the 

during the period 

excluded 


test 

of the test 

in expts. 

Rat 

g* 


1, 2, 4, 6) Mean 

504 3 

47 

20,19,11,13,17 

16 

16 

5169 

33 

11, 11,17,11,11 

13 1 


525 9 

32 

16, 17,15, 6,14 

13 

► 14 

536 

40 

14, 12,18,16 

15*5 J 


515 r? 

35 

7,10,12, 6,12 

10 1 

> 10 

5240 

35 

9, 12, 9, 9,11 

10 J 

534 9 

38 

12,17, 9,12 

13 1 

„ 15 

535 j 

41 

16, 16,18,16 

n J 

509 

47 

3, 1, 5, 4,12 

5 

— 

512 S 

41 

1, -1 

0 

— 

533 ? 

39 

1, 0, -2, 2 

0 

— 

545 j 

47 

29, 23,15,13 

17 

17 

519 $ 

510 : 

36 

16,14, 9,11,11 

11 1 

f- 12 

46 

26 14,13,11,11 

12 J 

526? 

33 

15 18,11, 7,11 

12 1 

\ 11 

520 1 

35 

10, 11,10, 8, 9 

9*5, 

508 9 

56 

1,-2, 3, 6, 0 

2 


505 J 

47 

5, 0 

2*5 

— 


(52) 

(3,6, 7) 

(5) 

— 

507 9 

36 

1. -1 

0 

— 

(36) 

(6,9,8) 

(3) 

— 

517 9 

35 

- 1 . -1 

-1 

— 

(33) 

(7,4,6) 

(6) 

— 

540 ^ 

44 

26 29,28,23 

27 

27 

514 ? 

42 

12, 18,12, 8, 9 

12 1 

[ 11 

506 o' 

44 

19,17, 7, 7,10 

10 1 

5279 

31 

11,12. 6, 4,13 

9 1 

l 10 

518 9 

34 

9,13,12, 5,13 

It J 


* Specially purified coseinogen 20, rice starch 60, cotton seed oil 15, salt mixture (McCollum and co-workers [1917] No. 185) 5 
water 200; cooked 3 hours in a steamer to prevent occurrence of refection [Rescue, 1927J; cod-liver oil (005-0*1 g. according t 
size) administered daily to each rat to provide vitamins A and D. 


for a period of 4-5 weeks. The preliminary period with complete deprivation 
of B vitamins is inserted in order to make the rats eager to consume the doses 
when offered subsequently. 

The results of Exp. A are set out in Table I, the aim of the separate trials 
being to compare the various products with the original material, as regards 
the size of dose needed to induce resumption of growth to an equal degree. 

A rat which is limited in growth by absence from its diet for 1-2 weeks 
of vitamin B 2 and subsequently receives it, appears to be relatively insensitive 
to large variations in the amount administered, especially if the daily dose is 
near to that required for normal growth. As large a difference as 100 % in 
the dose given may be followed by a disproportionately small difference in 
the amount of growth. The quantitative conclusions drawn from the data in 
Tables I and II have, therefore, a wide margin of error. 

The results in Table I may be summarised as follows. Yeast at its ordinary 
reaction about 5*0) suffers no determinable loss in vitamin Bg content 
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after being steamed for 2 hours at 98-100°. The average weekly increase in 
weight of 2 rats receiving doses of the heated material equivalent to 0*2 g. 
dried yeast was 15 g., while that of 3 rats receiving 0*2 g. of the original 
dried yeast was 14 g. After being autoclaved for 5 hours at 12.3° about half 
the original potency is destroyed; the average weekly increase in weight of 
rats receiving doses equivalent to 0*2 g. dried yeast of the autoclaved material 
and 0-1 g. of the original, being similar, viz. 11 g. and 10 g. respectively. 

With alkalised yeast (p n 9-10), however, whether steamed (Exp. 3) or 
autoclaved (Exp. 5), the destruction of vitamin B 2 appeared to be complete. 
With the doses given no significant growth was obtained. It was noticed, 
however, that the animals suffered severely from diarrhoea and it is probable 
that the total lack of growth was due, not only to deficiency of vitamin B 2 . 
but also to the effect of toxic substances formed in the alkaline yeast during 
heating. In order to test this point 3 rats (505, 507, 517, Exp. 5), which 
for 2 weeks had shown no growth with doses of the autoclaved product 
equivalent to 0*4 g. dry yeast, received in addition 0*1 g. unheated dry yeast 
and were observed for a further period of 3 weeks. During this period the 
average weekly increase in weight was 6*4 g. as compared with 10 g. increase 
shown by animals which received the 0*1 g. dose of dry yeast alone (rats 
515 and 524, Exp. 1). This discrepancy points to the presence of some actively 
deleterious substance in the alkaline-heated yeast. Our next effort, therefore, 
was to find some substance containing less material of a protein-like nature 
from which toxic products could be formed when autoclaved. An extract 
made from yeast with boiling dilute acetic acid was found suitable for the 
purpose. 

Series B (Table II). The material used was the first extract obtained in 
the preparation of Peters’s antineuritic yeast concentrate. Washed, pressed 
yeast was added gradually to boiling water containing 0*01 % acetic acid in 
the proportion of 1 kg. (200 g. dry weight) to 2 litres solution. The mixture 
was brought again to the boil, boiled for 5 minutes and filtered. The filtrate 
was concentrated on a water-bath to a volume of 400 cc., so that 2 cc. con¬ 
tained the equivalent of 1 g. dry yeast. The material was acidified to p u 
about 3*0 for storage. Although still rich in vitamin B 2 the extract contained 
only one-fifth of the total solids of the original yeast. From the concentrated 
solution measured volumes were removed, the control sample remaining at 
p h 3*3 and others being adjusted by addition of strong NaOH solution to 
p B 8*3 and 9*9 respectively. 

Treatment was as follows. Steaming for 2 hours at 98-100° at p n 8*3 
(Exp. 9) and autoclaving at 122-125° for 4 hours at p M 8*3, 9*9 and 3*3 
respectively (Exps. 10, 11 and 12, Table II). In each case the j> H before and 
after heating was determined by means of a hydrogen electrode and it was 
found that during heating the alkaline material became less alkaline (Table II, 
Column 3). After being heated the samples were adjusted to the original 
volume .and those which were alkaline were acidified to p u about 3*0 for 
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Table II. Heat-stability of vitamin B 2 in dilute acetic add (0-01 %) extract made from 
brewer’s yeast XII. Method of assay as in Table I. 

Body- 
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38 

12, 7,11,14 

n J 


storage. Owing to the limited supply of the material fewer rats were used 
than in Series A and the growth was observed for a shorter period, viz. 
2 -4 weeks. 

The loss in vitamin B 2 content on autoclaving the acidified extract for 
4 hours was about 50 %; similar to that observed with the acidified yeast. 
Eats receiving doses of the original extract equivalent to 0*2 g. and of the 
autoclaved material equivalent to 04 g. yeast showed a similar average weekly 
increase in weight, viz. 11 g. and 12 g. respectively (Exps. 7 and 12). 

The loss of vitamin B 2 on heating in alkaline solution was much greater. 
About one-half the original potency was destroyed by steaming at 98-100° 
at 8-3-8-0 and more than three-fourths by autoclaving for 4 hours at 122° 
(pu 8*3-7-1). Rats receiving daily doses of the autoclaved extract equivalent 
to 0*8 g. yeast showed an average increase in weight of only 5*5 g. weekly 
(Exp. 10), whereas 11 g. weekly was the average for those receiving the 
original material equivalent to 0*2 g. yeast. 

After being autoclaved for 4 hours at 124° in more alkaline solution 
(p H 9*9—8*7) one test indicated complete destruction of vitamin B 2 , another 
over 75 % destruction (rats 568, 569, Exp. 11). When, later, these two rats 
received 04 g. dried yeast in addition to their dose of autoclaved extract, the 
response in growth was instant and complete, showing that the previous 
failure was not attributable to the effect of any toxic material produced in 
the alkaline yeast extract during heating (compare Exp. 11, Table II, with 
Exps. 5 and 1, Table I). 

A specimen of the alkalised extract (p H 9*9) was protected from access 
of C0 2 and left at room temperature for 10 days during warm weather 
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(September 6-16, 1929). At the end of the period the material was acidified 
and the vitamin B 2 content assayed. The solution appeared to have lost about 
one-third of its original potency, doses equivalent to 0*4 g. yeast caused a 
growth response intermediate between those evoked by doses of the original 
material equivalent to 0-4 and 0-2 g. yeast (Exp. 8, Table II). 

The results of Exps. A and B may be summarised as follows. Vitamin B 2 
is comparatively stable to prolonged heating at high temperatures if the 
reaction is acid, p H 5*0-3*0, about 50 % of the original content surviving 
4-5 hours’ heating at 122-124°. If alkaline, p n 8*0-10*0, however, although less 
labile than vitamin B x , vitamin B 2 loses 30 % potency in 10 days at room 
temperature, 50 % on steaming for 2 hours and 75-100 % on heating for 
4-5 hours at 122-125°. 


Discussion. 

Since the discovery that “water-soluble B” contains at least two well- 
defined components, vitamins and B 2 , evidence for the existence of an 
additional constituent has been brought forward from three different labo¬ 
ratories [Williams and Waterman, 1927, 1928; Hunt, 1928; Reader, 1929]. 
These researches have been summarised by Peters [1929]. 

One of these factors is stated to be thermostable and two thermolabile. 
All appear to be different from one another. None has been identified with 
prevention or cure of any specific disease or pathological syndrome. Their 
existence has been postulated to explain the failure of rats to grow to maturity 
(or of adult pigeons to maintain their weight) on diets which are believed to 
contain adequate supplies of the known necessary food factors, including 
vitamins B x and B 2 . In some of these investigations vitamin R 2 has been 
supplied as strongly heated yeast or yeast products, the assumption being 
that the latter vitamin is entirely heat-stable. 

Hunt [1928] has produced evidence showing that autoclaved yeast con¬ 
tains a heat-stable B vitamin necessary for rat nutrition in addition to vitamin 
B 2 and that this factor is contained in whole wheat in addition to vitamins 
Bj and B 2 . 

Williams and Waterman [1927] found that the B vitamins required for 
normal growth of the rat could be supplied by an antineuritic concentrate 
prepared with fuller's earth from an aqueous yeast extract supplemented 
with autoclaved yeast. This combination could not, however, maintain weight 
in the pigeon. From the fact that this was accomplished by whole unheated 
yeast, the authors concluded that a third unknown B vitamin, unnecessary 
for growth of the rat, was required for nutrition of the pigeon and was heat- 
labile. Peters [1929] has confirmed this observation, using unheated marmite. 

A recent paper by Reader [1929] announces the discovery of a “second 
thermolabile water-soluble vitamin necessary for the nutrition of the rat.” 
The basal diet contained all the necessary food constituents except B vita¬ 
mins and when these were provided, as 6 % marmite, normal development of 



HEAT-STABILITY OF VITAMIN R 2 111 

young rats took place. Growth, however, was subnormal and after a few 
weeks failed altogether, when vitamin Bj was provided by Peters's anti- 
neuritic concentrate and vitamin B 2 as 6 % alkaline (p H 9) marmite heated 
for 1 hour at 120°. It is assumed that the latter material contained an adequate 
supply of vitamin B 2 and the growth failure is attributed to destruction of a 
third B vitamin, “vitamin Bg,” which is present in the raw marmite and is 
heat-labile. In view of the demonstration in the present paper of the serious 
degree of destruction suffered by vitamin B 2 in yeast and yeast extracts when 
these are heated at an alkaline reaction, it cannot be accepted, in the absence 
of quantitative experiments, that adequate amounts of vitamin B 2 survived 
the heating to which the marmite was subjected in Reader's experiments. 
And it seems doubtful whether the effect interpreted as due to qualitative 
deficiency of a new vitamin, “B 3 ,” might not have been caused by an in¬ 
sufficiency of vitamin B 2 . 

Reader suggests (p. 693) that traces of ‘"vitamin B 3 ” are probably present 
in Peters's antineuritic concentrate as at first obtained after extraction of the 
norite with dilute acid alcohol, and that these are removed in the further 
purification by fractionation with alcohol [Kinnersley and Peters, 1927]. In 
her experiments, vitamin B x was supplied as the more purified concentrate; 
in ours the less pure was used. We have obtained normal growth of rats to 
maturity (6-7 months) when vitamin B 2 was provided as autoclaved (slightly 
acid) yeast and vitamin Bj as the less purified Peters’s concentrate (unpub¬ 
lished experiments). It might, therefore, be suggested that in these experi¬ 
ments the “heat-labile vitamin B 3 ” was contained in our preparation of 
vitamin B 1 . The fact, however, that the same vitamin concentrate was 
unable to supplement our vitamin B 2 preparation, when the latter had been 
strongly heated in slightly alkaline solution, indicates that, notwithstanding 
Reader’s statement to the contrary [1929, p. 690], vitamin B 2 is a “heat- 
labile factor,” and it is unnecessary to postulate the existence of another. 

It would be more satisfactory if in the assay of vitamin B 2 the criterion 
could be the prevention or cure of the dermatitis (? rat-pellagra) developed in 
rats deprived of this vitamin, rather than the maintenance of growth. The 
irregularity in the time of onset of symptoms and in the degree of their 
severity would, however, make such observations untrustworthy and quanti¬ 
tative results impossible. Nevertheless, tests of the curative value of the 
control and heated materials would be useful to confirm our conclusion that 
it is vitamin Bj, rather than a third heat-labile vitamin B 3 which is destroyed 
when yeast or its extracts are heated at high temperature at alkaline reaction. 

Summary. 

1. The anti-dermatitis (? anti-pellagra) vitamin Bg contained in brewer’s 
yeast and in an extract made therefrom, was found to be much more stable 
at high temperatures in acid (p H 5-0-3-0) solutions than when the reaction 
was alkaline. 
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2. A y6ast‘extract made with boiling dilute acetic acid (0*01 %) was found 
to be more suitable material for the study than yeast itself, owing to the 
formation of toxic substances in the latter during heating, especially when the 
reaction was alkaline. 

3. At p H 5*0 no loss in vitamin B 2 potency could be detected on heating 
yeast for 2 hours at 90-100°; about 50 % was lost on heating the yeast for 
4-5 hours at 123°; at p H 3-0 the loss was the same both with yeast and yeast 
extract. 

4. When the reaction was alkaline (p B 10-9*5) about 30 % of the vitamin 
B 2 originally contained in the yeast extract was lost in 10 days at room tem¬ 
perature (summer); on heating for 2 hours at 98-100° (p H 8*3) the loss was 
about 50 % and on autoclaving for 4-5 hours at 122 -125° (p H 8*3-10) between 
75% and 100%. 

5. These facts concerning the sensitiveness of vitamin B 2 to high tem¬ 
peratures in alkaline solution are of importance in connection with the recently 
reported discovery in yeast of a new thermolabile B vitamin, in addition to 
the antineuritic vitamin B 3 , the assumption in one at least of these researches 
being that vitamin B 2 is heat-stable even in alkaline solution. 

Our thanks are due to Miss A. M. Copping for her assistance in caring for 
the rats used in the experiments of Series B. 
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Tiik cross section of the paraffin chain has been measured in crystals by the 
X-ray method and found by Muller [1927] to have the value 18*3 sq. a. The area 
occupied in films one molecule thick formed upon water by compounds con¬ 
taining long chains of carbon atoms has been measured by Adam [1922, 1928J 
and has been proved to have as its minimum value about 20*5 sq. a. He has 
described and defined conditions in which larger values than this are found 
for substances that, under other conditions, give this value, and has especially 
studied the influence exerted on the dimensions of the films by the character 
of the polar group at the end of the chain, by reason of which the formation 
of the film is made possible and the molecules are anchored to the water 
surface. Compounds with a large variety of such polar groups have been 
investigated and the foundations have been laid on which much that is of 
interest to biochemists must rest. Most of the substances of biochemical 
importance in which long fatty chains occur are not of a simple character; 
they contain commonly more than one such chain and their polar groups 
present great variety and complexity. Some of these Adam has dealt with, 
e.g . glycerides and lecithin. But many such substances present difficulties 
which must be approached with circumspection, and only after the ground 
has been thoroughly surveyed. Moreover they are in many cases difficult to 
obtain with sufficient guarantee of purity. 

On two grounds however we felt justified in experimenting with some of 
the less familiar substances of biochemical interest even at this stage. Speci¬ 
mens were available that were probably as pure as any hitherto obtained; 
they were prepared by Dr Rosenheim and given by him to this department for 
work of this nature; and secondly, though their constitution has not in all 
particulars been finally settled, enough has been clearly established for them 
to present points of interest in a study of their behaviour in films on water. 

The substances dealt with in this paper resemble one another in two 
respects ; they contain two long aliphatic chains similar if not identical in all 
three; these are a primary amine sphingosine and a peculiar long-chain fatty 
acid, and these two components are united as an acid amide R*. CO. NHRg • 
TJm constitution of the base sphingosine, C^H^OgN, is almost completely 
Biochem. 1930 xxrv 8 
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known. Levene and Jacobs [1912] showed that the whole of the nitrogen was 
removed by nitrous acid; that since a triacetyl derivative could be obtained 
the two oxygen atoms were present as alcoholic hydroxyl groups; and that a 
doubly linked pair of carbon atoms was present in the chain, since by means 
of palladium a dihydro-derivative could be formed. Lapworth [1913] on 
oxidation of sphingosine with chromic acid obtained normal tridecylic acid. 
Levene and West [1914] by oxidation of dihydrosphingosine obtained normal 
pentadecylic acid. This leaves no doubt that the double bond is between the 
13th and 14th carbon atoms and that one hydroxyl group is attached to the 
15th; there is little doubt that the other is attached to the 16th and the 
amino-group to the terminal or 17th carbon atom, though this has not been 
proved. 

The fatty acid, lignoceric acid, C^H^Og, in sphingomyelin is, according to 
evidence furnished by Levene [1916], united to sphingosine as in an acid 
amide, a derivative having been obtained containing base and acid, but not 
the other components of the molecule, and this derivative gave up no nitrogen 
to nitrous acid. The same union exists apparently also in phrenosin and 
kerasin [Levene and West, 1912], as neither of them contains a free amino- 
group. In kerasin therefore the remaining component, galactose, must be 
condensed with one of the hydroxyl groups of the sphingosine. as a galactoside. 
since the compound has no reducing properties; and in phrenosin too, though 
there is here another possibility, seeing that phrenosinic acid is a hydroxy-acid, 
the probability is that the same arrangement holds. Similarly in sphingo¬ 
myelin one of the hydroxyl-groups of the sphingosine must be condensed with 
the cholylphosphoric acid. 

In all three compounds, therefore, the two long chains are connected to 
polar groups which are large enough to separate them much more than is the 
case with any of the compounds containing more than one long chain which 
have up to now been studied in this way, glycol esters, glycerides, lecithin or 
cetyl palmitate. Having regard to their power to form films one molecule 
thick on water they may be represented thus: 

Sphingomyelin C 14 H 27 C 2n H 47 

( i h.choh.ch 2 .khJx) 

I) 

H0.A>.0 Cholyl 

Kerasin C 14 H 27 c m h 4 , 

OH. CHOH. CH,. NH. io 

i 

In phrenosin the right-hand chain of this latter formula becomes C^IL.O 
according to Levene and Taylor [1928], C^H^O according to Klenck [1928; 
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see also Taylor and Levene, 1929). In all these compounds the two paraffin 
chains are at the two ends of the same chain with polar properties consisting 
of four carbon atoms and one nitrogen atom. Attached to this polar chain, 
in the case of sphingomyelin, is the additional polar group cholyl-phosphoric 
acid, in the case of kerasin and phrenosin the additional polar galactoside 
group. Whether these additional polar groups attached to the chain common 
to all three are attached as represented above or by the other alcohol group 
further to the right is not known; but for present purposes this is immaterial. 

Experimental. 

The apparatus used was that of Adam and Jessop [1926] and through¬ 
out this work the authors have had the benefit of Dr Adam's guidance in 
the use of it. All the solvents used were specially distilled, so that there 
was no contamination of the surface of the trough due to the presence in 
them of foreign matter. The solvent used was a mixture of pyridine and 
benzene. The sphingomyelin, weighed out accurately, was first dissolved in a 
little pyridine, which was warmed gently until solution was complete; then 
after cooling, benzene was added, the volume used being roughly 2-3 times 
the volume of the pyridine. It was found that the addition of a small amount 
of pure ethyl alcohol gave a clearer and more stable solution. The solutions 
were then weighed and were used on the trough immediately after they had 
been prepared, because it was found that after standing for any considerable 
period of time, especially in cold weather, part of the sphingomyelin often 
came out of solution. This behaviour was carefully watched for throughout 
the experiments, and as soon as it was observed the solution was rejected. 

The films were studied at a number of temperatures between 0° and 35°. 
In general three or more readings were taken for each solution at each tem¬ 
perature. Although certain small deviations were observed between different 
solutions, these were never large and most of the curves obtained were 
practically coincident. 

The curve for sphingomyelin, which is reproduced, represents the one 
which was most frequently obtained at room temperature and it forms a 
good average of the small experimental variations. At this temperature the 
area per molecule at the commencement of packing (i.e. the area of the head 
of the molecule) is about 60 sq. a. As the pressure on the film is increased, 
the molecules pack closer until the area occupied by each molecule is about 
42 sq. a., the area, that is, that should be given by a film in which two parallel 
paraffin chains are packed closely together. Further compression decreases 
the area per molecule to 39 sq, a. but, at the pressure necessary for this 
(42 dynes/cm., more than 150 atm.), the film shows signs of collapse. At 
room temperature the film is liquid at low and medium compressions but 
solidifies at high compressions, At 0° the film solidifies at lower pressures, but 
at 25° and above the film is liquid under all pressures. 


8—2 
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At 0° the head of the molecule occupies a smaller area (50 sq. a.) but as 
the pressure is increased the curve becomes coincident with that obtained 
at room temperatures. At 25° and 35° the films of sphingomyelin become 
increasingly difficult to compress, and under the highest pressures obtainable 
without collapse of the film (about 45 dynes/cm.), the limiting area of 42 sq. A. 
is never reached. 



Fig. l. 

The curves obtained with phrenosin and Verasin were practically identical 
and closely resemble that given by sphingomyelin. The size of the head is 
about 70 sq. A. at room temperature, and the limiting area per molecule under 
the highest compressions is about 42 sq. A. At 33° the head occupies a larger 
area (about 100 sq. A. per molecule) but as the pressure is raised, the curve 
gradually approaches that obtained at 15°. At room temperature the films 
are solid under moderate pressures, and at about 30° they are liquid under 
all compressions. 

Discussion. 

In the measurements here recorded it is to be noted that with sufficient 
compression the area occupied by molecules of these substances in films one 
molecule thick on water can be reduced nearly to that which their two paraffin 
chains alone would occupy when vertical to the surface and packed closely. 
The complexity of the polar groups connecting the two paraffin chains makes 
this remarkable. Compounds containing a single paraffin chain have been 
shown by Adam to resist compression to the area accounted for by that chain 
in varying degrees according to the nature of the polar group holding them 
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to the water. Thus the areas of films of a-bromo-fatty acids, acetamides, ureas 
and monoglycerides are larger than those of saturated fatty acids, alcohols or 
esters. Monopalmitin and monomyristin for instance [Adam, Berry and 
Turner, 1928] at 11° and a linear compression force of 5 dynes/cm. occupy 
about 25*5 sq. A.; as the compressing force is increased up to 30 dynes/cm. 
the area contracts uniformly to 23 sq. A., altogether about 10%. With our 
compounds containing two paraffin chains the area at 5 dynes/cm. is for 
sphingomyelin 54 sq. A., or 27 for each chain and for kerasin 64, or 32 for 
each chain; at 30 dynes/cm. the area for sphingomyelin is reduced to 40, 
a contraction of 27 %, for kerasin to 46, a contraction of 28 %; so that with 
this substance the area per chain at this pressure is the same as in the case 
of the monoglyceride. The compression curve is however not rectilinear with 
either sphingomyelin or kerasin. With these substances therefore the area 
at low compression is definitely larger than for the monoglyceride, but they 
are more compressible than it is. It is remarkable that this should be so; 
not so much that at low pressure the completely immersible glyceryl group 
in R. COO. CH 2 . CHOH . CH 2 OH should occupy less than half the area occupied 
by the complex polar group in these substances suspended between the two 
paraffin chains at its two ends, as that the latter should be more compressible. 
There seems to be more pliability in it than in the glyceryl ester group. The 
rigid bulkiness of this latter is not accounted for by the ester linkage; for 
with ethyl stearate the area of the molecule is reduced to that of the single 
paraffin chain at about 10 dynes/cm. [Adam, 1923, 2]. 

Measurements for compounds containing more paraffin chains than one 
exist only for the ester union of fatty acids to carbon atoms directly united 
to one another as in tripalmitin, glycol dipalmitate [Adam, 1922] and hydro¬ 
lecithin [Leathes, 1923; Adam and Jessop, 1926, p. 368] of which the last is 
especially comparable with sphingomyelin. The unsaturated acid chains in 
lecithin make it non-comparable. At 5 dynes/cm. hydrolecithin occupies a 
smaller area, 47 sq. A. or 23*5 for each fatty chain; at 20 dynes/cm. it contracts, 
12 %, whereas sphingomyelin and kerasin contract 22 and 23 % respectively; 
but the area it occupies at this pressure is 41*4 sq. A., which is not more than 
is accounted for by the fatty chains. 

Other compounds containing more than one paraffin chain for which data 
have been published by Adam [1923, 1] are cetyl palmitate, which is in¬ 
sufficiently anchored to the water to give stable films, and pentaerythritol 
tetrapalmitate [Adam and Dyer, 1924], which at 5 dynes/cm. occupied 
22*5 sq. A. per fatty chain and at 20 dynes/cm. 20 sq. A. 

Measurements such as those here recorded are clearly insufficient to enable 
a precise conception to be formed of the disposition assumed by the polar 
groups immersed in the water. But some idea is shown of the amount of 
distortion that they undergo under compression and of the amount of force 
necessary to overcome the strains set up by this compression. The thickness 
of a condensed film of palmitic acid is 24 A., and in that case 1 dyne/cm. 
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means a pressure of about 4 atmospheres. The thickness of the layer formed 
by the polar chains in these molecules buckling under pressure must be very 
much less than this and the pressure when the force is 30 dynes/cm. accordingly 
very much more than 120 atmospheres. 

The fact that the films formed by these substances on water should be 
definitely liquid at room temperature, at any rate under the action of a 
moderate compression force, is worthy of note. 

Summary. 

. The surface films of sphingomyelin, phrenosin and kcrasin have been 
studied. It is found that for each substance the area occupied by the molecule 
in a closely packed surface film can be compressed to about 42 sq. A. This is 
in good agreement with what would be expected from the configurations of 
the molecules as deduced from their chemical behaviour, on the supposition 
that the limiting value is the area occupied by the paraffin chains set side by 
side vertical to the water. 

We wish to thank Professor J. B. Loathes .for his encouragement and 
advice during this work, which was suggested by him. 
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Since the isolation of a hexosemonophosphoric ester from the products of 
the fermentation of glucose and fructose by yeast juice the further investi¬ 
gation of these products has beeu directed towards obtaining more information 
on certain questions then briefly discussed [Robison, 1922], namely: 

(а) the proportions in which the hexosemonophosphoric and hexose- 
diphosphoric esters are formed during fermentation with yeast juice and the 
significance of the variations observed in different experiments: 

(б) the suggested dual nature of hexosemonophosphoric ester and the 
chemical constitution of this ester, or its components, and that of hexosc- 
diphosphoric ester: 

(c) the possible occurrence of other phosphoric esters among the products 
of fermentation. 

The investigation was extended to include the products of fermentation of 
glucose and of fructose by yeast juice, dried yeast and zymin. The esters, 
freed from yeast proteins and excess of sugar, were separated into fractions 
according to the solubility of their barium salts, and the nature of these 
fractions was investigated, making use of micro-analytical methods to avoid 
the rapid wastage of material. This quantitative examination included the 
estimation of total and inorganic phosphorus, specific rotation, reducing power 
by the Hagedorn and Jensen method and by an iodimetrie method, and 
“fructose” by Selivanoff J s reaction. The further separation of the esters was 
carried out by fractional precipitation of the barium salts, crystallisation of 
brucine salts, and in other ways, the progress being followed at all stages by 
the aid of the above micro-estimations. 

One result of this work, the isolation and identification of trehalose- 
monophosphoric ester has already been described [Robison and Morgan, 1928]. 
This ester was obtained from the fermentation of glucose and of fructose by 
dried yeast in presence of phosphates and was found in amounts representing 
up to 5 % of the total esterified phosphorus. The dried yeast used for the 
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fermentations was shown to contain neither trehalosemonophosphoric ester 
nor trehalose in quantities sufficient to account for the amount of the ester 
found in the fermentation products, but the experimental data did not justify 
any conclusion as to the significance- of this disaccharide phosphoric ester in 
the fermentation process. The ester, however, was shown to be readily fer¬ 
mented by dried yeast, yeast juice and zymin. 

A more general account of these experiments is given in the present paper. 


Material and methods. 

Yeast preparations, 

(a) Yeast juice: prepared from English mild ale top yeast by the method 
of Buchner modified by Harden and Henley [1927]. 

(b) Dried yeast: prepared from English mild ale top yeast (in one experi¬ 
ment from a bottom yeast). 

(c) Zymin: prepared from English mild ale top yeast. 


Fermentation . 

Method A . Glucose or fructose (30 g.) was added to 300 cc. yeast juice, 
or to 50 g. dried yeast or zymin mixed with 180 cc. water. A further 70 g. 
of the sugar was added in two or three portions during the fermentation. 
To the fermenting mixture, maintained at 28°- 30°, a 20% solution (0*56 M) 
of Na 2 HP0 4 ,12H 2 0 was added in six equal portions as indicated by the 
evolution of carbon dioxide in a guide experiment. Except when otherwise 
stated, the additions were made when the rate of evolution of gas had fallen 
nearly to the minimum (hexosephosphatase rate). The total amount of phos¬ 
phate added was equivalent to about 7 g. P. Dried yeast or zymin was 
allowed to remain in the sugar solution for 1 hour before the first addition 
of phosphate. 

Method B (used in the later experiments). 30 g. sugar w T as added to the 
yeast and, after the preliminary period, a solution containing both phosphate 
(20 %) and sugar (20 %) was allowed to run in continuously at a controlled 
rate throughout the fermentation. The fermentation was carried out in a large 
bottle immersed in a water-bath and connected by two rubber tubes with 
(a) a 100 cc. burette containing the phosphate-sugar solution, ( b) a nitrometer, 
capacity 1 litre, in which the carbon dioxide evolved was collected over brine. 
At intervals of 5 minutes the bottle was vigorously shaken and from the 
volume of gas evolved the rate of addition of the phosphate sugar solution 
was regulated, in accordance with the plan of the particular experiment. The 
fermentation was stopped or portions of the fermenting mixture were re¬ 
moved at definite intervals of time after the last addition of phosphate. 
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Precipitation of proteins. 

The precipitation of yeast proteins by heat coagulation, though employed 
in the first experiments which led to the isolation of fermentation hexose- 
monophosphate, was abandoned owing to the risk that a hexosemonophos- 
phate might thereby be formed by partial hydrolysis of the hexosediphosphate 
in the solution. The method then adopted [Robison, 1922], namely precipita¬ 
tion of the protein along with the barium salts by alcohol, avoided this risk, 
but the successive extraction of the barium hexosephosphates from the 
mixture of salts and coagulated protein was laborious and difficult to carry 
out in a quantitative manner. Neuberg and Leibowitz [1927] have described 
a more rapid method for the preparation of hexosemonophosphate, in which 
the proteins are precipitated by heat coagulation after the solution has been 
neutralised to phenolphthalein. The protein-free filtrate, after the addition of 
calcium or barium acetate, is once more heated to boiling in a brine-bath and 
filtered hot, by which means the phosphate and nearly all the hexosedi¬ 
phosphate are removed as insoluble salts. 

We have made some experiments to determine the extent to which hydro¬ 
lysis of hexosediphosphate might occur under such conditions. 

Exp. 1. Solutions of sodium hexosediphosphate (0-03 M), adjusted to 
different hydrogen ion concentrations, were heated for different periods of 
time at different temperatures. The degree of hydrolysis was measured by 
the increase in inorganic phosphate. 

Exp. 2. 10 cc. of a saturated solution of barium hexosediphosphate, at 
Ph 8*4 (‘‘ neutral to phenolphthalein was slowly heated to 100° in a water- 
bath and maintained at the boiling point for a further 5 minutes. The in¬ 
organic phosphate liberated w r as then determined. The results are shown in 
Table I. 





Table I. 

% P hydrolysed 


Exp. 

Ph 

Time of heating 
min. 

70* 

80° 90° 

100 

1 

6-9 

SO 

0*8 

2*4 6*5 

10*0 

1 

7-8 

30 

10 

2*0 8*7 

180 

I 

8*4 

5 

0*2 

0*0 2*1 

r>*5 

2 

8*4 

15 min. up to 100°) 

5 min. at 100° f 

— 

— — 

9*7 


Since the phosphoric acid group in position 1 of hexosediphosphoric ester 
is much more readily hydrolysed than the remaining group, it is probable 
that in the above experiments a monophosphate would be formed in amount 
equivalent to the greater part of the inorganic phosphate set free. The use of 
high temperatures during the separation of the products must therefore result 
in some contamination of the fermentation monophosphate with the ester 
produced by partial hydrolysis of the diphosphate. For some purposes this 
might not be of serious importance, but it would be very undesirable in these 
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experiments in which one of the main objects was to separate and identify 
the components of the monophosphoric ester formed during fermentation. 

For the last six years trichloroacetic acid has been used in this laboratory 
for the precipitation of the yeast proteins and has been found satisfactory for 
this purpose. The acid is added to the fermentation mixture in amount equal 
to 4 % of the total volume; the mixture is thoroughly shaken and allowed to 
stand, preferably at 0°, for 2 hours before being filtered. The latter operation 
is much accelerated by the addition of a few drops of capryl alcohol. The 
possibility of: the hydrolysis of hexosediphosphate occurring during this stage 
owing to the acidity of the solution (p u about 4) was not overlooked, but 
repeated tests failed to indicate any increase in the amount of inorganic 
phosphate under experimental conditions. 

General separation of the barium salts. 

The acid protein-free filtrate was treated with barium acetate equal in 
weight to the crystalline sodium phosphate added during the fermentation, 
and was then neutralised to phenolphthalein with baryta. The greater part 
of the alkali was added in concentrated, hot solution in order to avoid un¬ 
necessary dilution, but the final adjustment to p n 8*4 was made with cold 
saturated baryta solution. The precipitate was filtered off, washed with small 
quantities of water, pressed out as thoroughly as possible, washed with absolute 
alcohol and dried. 

“10% A” fraction 1 . The filtrate from the sparingly soluble salts was 
treated with one-tenth its volume of absolute alcohol and the precipitate 
filtered off, washed with a little 10 % alcohol, then with absolute alcohol and 
dried in a desiccator. In certain experiments no precipitate whatever was 
given at this stage. The reason for these anomalous results will be discussed 
later. 

“Soluble A ”fraction . The filtrate from the 10 % A precipitate was treated 
with basic lead acetate, avoiding any large excess of this reagent; the pre¬ 
cipitate was decomposed with hydrogen sulphide, the lead sulphide being 
filtered off, washed with water and again treated with hydrogen sulphide. 
The combined filtrates and washings, after thorough aeration, were treated 
with baryta solution until pink to phenolphthalein and poured into twice the 
volume of alcohol. It is important that these precipitates should be thoroughly 
.washed with absolute alcohol and dried rapidly in a vacuum desiccator. 

“10 % B” and “soluble B” fractions. The soluble A fraction was thoroughly 
ground with ten times its weight of water, to which one-tenth the volume of 
alcohol was finally added before filtration. The insoluble portion formed the 
10 % B fraction; on pouring the filtrate into twice its volume of alcohol the 
soluble B fraction was obtained. 

Other fractions. The organic phosphate in the filtrate from the 10 % A 
1 These somewhat inaccurate terms used in the laboratory have been retained for convenience. 
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fraction was not entirely precipitated by basic lead acetate, the amount re¬ 
maining in solution representing about 1 % of the total phosphorus esterified 
during the fermentation. The greater part of this residual phosphorus was 
brought down by basic lead acetate and ammonia, but the barium salts re¬ 
covered from this fraction were highly contaminated with phosphorus- 

free compounds and could not readily be purified. The alcoholic filtrates from 
the soluble A and B fractions also contained small amounts of phosphoric 
esters which were not recovered. 


Micro-analytical meth ods . 

Total and inorganic P were estimated bv the modified Briggs method 
[Martland and Robison, 1926]. 

Reducing power was estimated by the Hagedorn and Jensen method, 
omitting the zinc hydroxide precipitation. Inconsistent results were at first- 
obtained by this method when applied to the hexosephosphates. The reducing 
power, calculated as per cent, glucose, varied with the amount of substance 
used for the estimation and was markedly increased by traces of alkali. It 
was found that these differences could be nearly eliminated by adding 0*5 cc. 
of a 0*5 N solution of sodium hydroxide to the solution before heating for 
15 minutes in the water-bath. The reducing power, calculated from the 
glucose table, was increased by as much as 30 % and was nearly independent 
of the amount of substance taken. This modification was adopted in all 
subsequent estimations, the same amount of alkali being added to the blank. 
The value of the blank titration is not, however, altered by this addition nor 
is the reducing power of glucose itself increased. 

Aldose was estimated by the iodimetric method [Macleod and Robison, 
1929]. Caution was necessary in interpreting the values so obtained for the 
crude fractions, owing to the possibility that some of the contaminating sub¬ 
stances derived from the yeast and precipitated with the phosphoric esters 
might react with iodine. It is probable, however, that errors due to this 
cause were usually small except in the case of the very impure co fractions. 

Selivanoff’s reaction, . A roughly quantitative method was employed for 
the estimation of the fructose equivalent by the Selivanoff reaction. A suitable 
quantity of the solution diluted to 5 cc. was mixed with 5 cc. of a 0*05 % 
solution of resorcinol in 5 N HC1. A standard solution containing 0*2 mg. 
fructose was similarly treated. Both tubes were heated for 6 minutes in a 
boiling water-bath and, after cooling, the intensities of the colours were com¬ 
pared in a colorimeter. The results, though not very consistent, were useful 
in supplementing the aldose determinations, more especially on the purified 
fractions. 

The values obtained for highly purified specimens of the four phosphoric 
esters by the above methods together with the specific rotations are shown 
in Table II. 
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Table II. 

Reducing power as 




glucose 

A . 

“Fructose” 

Selivanoff 

0/ 

A) 

10 

0 

22 


Barium hexosediphosphafce 
„ aldosemonophosphate 1 
fnictosemonophosphate 
(Neuberg) 

„ trehalosemonophosphate 

p 

0/ 

/o 

10-16 

7-85 

7-85 

t A 

H. and J. Iodine 
% % 

12 2 

36 41 

36 2 

Wft481 

+ 35° 
+ 19-5° 
+ 0*7° 

5*57 

0 0 

0 

+ 132° 

Composition of 

THE FRACTIONS. 




Using these values and assuming the four esters to be the only compounds 
present having reducing properties or optical activity, the probable com¬ 
position of the various fractions was deduced arithmetically. This assumption 
was not necessarily correct, but such an analysis might furnish evidence of 
the presence of other phosphoric esters. The application of this method in 
the early stages of the investigation, when only three esters were known, led 
to the isolation of the fourth, trehalosemonophosphate. 


Table III. 

Percentage composition of fraction (barium salts) 




P in fraction 

Hexose- 

Fructose- 

Aldose- 

Trehalose- 



Experiment 


as % of total 

diphos- 

pnate 

monophos¬ 

monophos¬ 

monophos* 

Inorganic 

F-free 

Fraction 

P recovered 

phate 

phate 

phato 

phosphate 

impurities 

5 

Sp. soluble 

38*6 

73 

0 

20 

0 

2 

5 

Yeast juice-fructose 

10% A 

15-8 

31 

22 

28 

2 

5 

12 

10 %B 

74) 

15 

7 

40 

0 

20 

18 


Soluble B 

37*3 

6 

1<) 

68 

1-5 

1-5 

7 

6 

Sp. soluble 

184) 

89 

1 

3 

0 

3 

4 

Yeast juice-fructose 

10% A 

18*3 

43 

11 

28 

0 

4 

14 

10 %B 

36*6 

28 

6 

39 

1*5 

11 

14-5 


Soluble B 

44-8 

2 

30 

58 

2*5 

.1 

6-5 

7 

Sp. soluble 

80-1 

90 

0 

0 

0 

5 

5 

Zyn un-fructose 

10% A 

7*3 

77 

0 

10 

0 

1 

12 


10 %B 

3-4 

50 

7 

12 

0 

22 

9 


Soluble B 

7*5 

10 

12 

50 

14 

0 

14 

13 

Dried yeast-fructose 

Sp. soluble 

85-3 

72 

0 

0 

0 

20 

8 

10% A 

10 % B 

No precipitate 

6*0 35 

4 

23 

3 

4 

31 


Soluble B 

8*4 

10 

11 

50 

17 

0 

12 

15 

Sp. soluble 

85-1 

91 

0 

0 

0 

0-5 

8-5 

Dried yeast-fructose 

10% A 

4-3 

81 

0 

4 

2 

3 

10 


10 %B 
Soluble B 

2*9 

20 

3 

16 

20 

3 

38 


7*0 

6 

8 

19 

54 

0 

13 

206 

Sp. soluble 

52*3 

83 

0 

0 

0 

17 

0 

Dried yeast-fructose 

10% A 

11*3 

93 

0 

0 

0 

1-7 

5-3 


10% B 

21*4 

78 

0 

10 

0 

9*5 

2-5 

* 

Soluble B 

14*3 

14 

8 

37 

28 

0 

13 


For most fractions the values of reducing power, etc., calculated from the 
percentage composition so found, were in good agreement with those obtained 
experimentally, except that the Selivanoff and the iodimetric figures were in 

1 Results obtained with the most highly purified specimen of the aldose component of hexose- 
raonopbosphoric ester. This component is probably glucosemonophosphate (theoretical iodi¬ 
metric value 45*6). Evidence of the identity of the second component with Neuberg’s fructose- 
monophosphate has been obtained [Robison and King, 1929, and further unpublished work]. 
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some cases mutually inconsistent. Both these values may have been affected 
by the impurities in the crude fractions and the figures showing the partition 
of the hexosemonophosphoric ester into aldose and fructose components are 
therefore of limited significance. This criticism does not apply in the case of 
the more highly purified fractions obtained in later stages of the separation. 
The percentage compositions deduced for the four chief fractions of experi¬ 
ments with yeast juice, dried yeast and zymin are shown in Table III. 

The fact that the reducing power and other properties of these fractions 
could be quantitatively accounted for in this way does not prove that no 
other phosphoric esters were present, since mixtures containing one or more 
unknown esters might give equally satisfactory values. The evidence on this 
point will be considered in greater detail, taking each of the main fractions 
in turn. 


Sparingly soluble fraction. 

In the experiments with dried yeast and zymin, in which the three mono- 
phosphoric esters together represent less than 20 % of the organic phos¬ 
phorus, the sparingly soluble fraction consisted almost wholly of hexosedi- 
phosphate together with most of the inorganic phosphate. A small amount 
of nucleic acid was present but was not separately estimated. The proportion 
of P-free impurities was usually small. In the yeast juice experiments, when 
the monophosphoric esters formed a much larger proportion of the total 
products, a certain amount of these soluble barium hexosemonophosphates 
was always carried dow r n w r ith the hexosediphosphate and in one experiment 
formed over 20 % of the fraction. This was confirmed by the separation of the 
hexosemonopho8phatc in nearly pure condition. 

It was noticed that when the crude fraction contained much inorganic 
phosphate the whole of the diphosphate could not be extracted with 200 parts 
of water nor even by grinding the residue with further quantities of water. 
The amount of ester in the residue was roughly proportional to the inorganic 
phosphate and this suggested that an insoluble double salt had been precipi¬ 
tated. Further evidence in the same direction w r as found in the absence of 
any 10 % A precipitate in such experiments, indicating that the filtrate from 
the sparingly soluble fraction was unsaturated wdth respect to barium hexose¬ 
diphosphate (see also experiments shown in Table IV). 

10 % A and 10 % B fractions. 

In dried yeast and zymin experiments the 10 % A precipitate also con¬ 
sisted very largely of hexosediphosphate, but the 10 % B fraction contained 
up to 30 % of the two hexosemonophosphates. In yeast juice experiments 
the percentage of hexosemonophosphate was high in both 10 % fractions, 
often exceeding that of the diphosphate. The occurrence of so large a pro¬ 
portion of the very soluble barium hexosemonophosphates in these fractions 
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did not seem altogether reasonable and an alternative solution was considered, 
namely the presence of an ester having a sparingly soluble barium salt and 
intermediate reducing power. 

The precipitates were ground with 10 parts of water and the filtered extract 
was treated with (a) one-tenth its volume of alcohol and, after filtration, (b) twice 
its volume of alcohol. The residue was again ground with water and brought 
into solution with the minimum amount of hydrochloric acid. The p H of this 
solution was readjusted to 8*4 by the addition of baryta, and the precipitate 
filtered off. The filtrate was treated with alcohol as described above. These 
operations were repeated on the several fractions, the progress of the separa¬ 
tion being followed by analyses. Certain of the fractions were then converted 
into brucine salts which were separated by fractional crystallisation from 
dilute alcohol and finally reconverted to the barium salts which were analysed. 
In this way the 10 % A and B precipitates were separated into hexosediphos- 
phate and hexosemonophosphates of sufficient purity for identification, 
together with fractions of less certain nature. Provided that the latter were 
included in the computation, the amounts of mono- and diphosphate thus 
recovered agreed moderately well with those calculated from the analyses of 
the crude precipitates. The reducing power and other properties of these 
indefinite fractions were, however, not easy to reconcile with those of any 
probable mixture of the known phosphoric esters and suggested rather that 
they contained a new ester, possibly a disaccharide diphosphate having one 
free aldose group. In spite of much work on these fractions the evidence is 
still very conflicting, and no conclusion can yet be reached. Experience has 
shown that great caution is necessary before inferring the homogeneity of 
brucine salts of these phosphoric esters from their definite crystalline form. 

Whatever may be the nature of these fractions, it is certain that the 
hexosemonophosphates are carried down along with inorganic phosphate and 
hexosediphosphate and may form a considerable percentage of the crude 
10 % precipitates. Since pure barium hexosemonophosphate is not precipi¬ 
tated from its 10 % aqueous solution by the addition of one-tenth the volume 
of alcohol, its occurrence in the sparingly soluble and 10% A and B preci¬ 
pitates is pro!)ably due to the formation of less soluble double salts with 
inorganic phosphate and hexosediphosphate. The following experiments 
support this view. Solutions of barium hexosediphosphate (saturated) and 
of barium hexosemonophosphate (2*5 %) were mixed with various quantities 
of: dilute phosphoric acid (3*4 %) and were then made pink to phenolphthalein 
by the addition of baryta, the requisite amount of water being added before 
neutralisation to make the final volume of all the solutions equal. After 
filtration the amounts of total and organic phosphate remaining in solution 
were estimated and from these the amounts in the precipitate were calculated. 
In some experiments barium acetate (5 %) was added to the hexosephosphate 
solutions, in order to approach more closely to the conditions under which 
the 10 % A precipitate was formed. The results are shown in Table IV. 
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Table IV. Precipitation of hexosephosphates from aqueous solution 
with inorganic phosphate. 



Barium 

F in solution before 
neutralisation 
mg. per 100 cc. 

P in precipitate after 
neutralisation 


acetate 

( — —--... — ~-A- 

--^ 

mg. per 100 cc. 

Organic 

Phosphoric ester 

o/ 

/O 

Organic 

Inorganic 

(trganic 

Inorganic 

Hexosediphosphate 

0 

00 

12 

22-7 

1*90 


,, 


24 

30-0 

1*28 




30 

35*9 

1-00 




48 

38-7 

0-81 


)» 


00 

42-1 

0*70 

H exosediphosp halo 

5 

18-8 

12 

8*0 

007 


> 


24 

13-0 

0*54 




30 

15*5 

0*43 




48 

15*8 

0*33 



n 

00 

16*1 

0*27 

He xosem on o f > hosphat e 

5 

107 

9-5 

0*0 

0*63 




28-5 

14*0 

0*49 




47*5 

190 

0*40 


It is seen that although no alcohol was added to these solutions, very 
considerable proportions of the hexosephosphates were carried down with 
the barium phosphate, probably as double salts. The analogous double salt of 
hexosemonophosphate-hexosediphosphate is probably more soluble in water 
and is only precipitated in presence of high concentrations of the monophos¬ 
phate or on addition of alcohol as in the 10 % precipitates. 

Soluble B fractions . 

The investigation of the soluble fractions from dried yeast and zymin 
experiments and the isolation of trehalosemonophosphate have already been 
described. The examination of the fractions from yeast juice experiments will 
be dealt with more particularly in a further communication, but certain points 
of interest may be mentioned. In order to satisfy the analytical values it 
was necessary to postulate the presence of small amounts of trehalosemono¬ 
phosphate in these fractions, although this ester has not yet been isolated 
from yeast juice preparations, nor has any purified fraction been obtained 
with properties definitely indicative of its presence. On the other hand, certain 
fractions have shown the same general intermediate characters as those men¬ 
tioned above, which were isolated from the 10 % precipitates. Whether these 
contain a hitherto unknown ester or represent merely residual mixed salts of 
hexosediphosphate, hexosemonophosphates and trehalosemonophosphate, as 
would be required by the analytical figures, remains to be proved. It is not 
improbable that the trehalose ester is formed during fermentations with yeast 
juice but that its presence is obscured and its isolation rendered difficult by 
the large proportion of the monophosphates. Similar but less extreme cases 
are shown by the zymiri fermentations. The high rotation of the soluble B 
fractions ([a]^ ~ + 28°, + 30°) pointed to the presence of trehalosephos- 
phoric ester to the extent of 14 and 16 % respectively. Isolation of the 
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ester in pure condition proved very difficult and was only achieved in the 
case of one preparation. It is hoped that the isolation may be facilitated by 
means of the sparingly soluble crystalline barium salt described later in the 
paper. 

The soluble B fractions of the dried yeast and zymin experiments con¬ 
tained by calculation an unexpectedly large proportion of barium hexose- 
diphosphate, an average of 10 %. Unless the solubility of this salt is greatly 
increased in presence of the monophosphates, this may be a further indication 
of the occurrence of an unknown ester not included in the calculations. 

to fractions. 

These very small fractions were so highly contaminated with phosphorus- 
free substances that no certain inference could be drawn with regard to the 
phosphoric esters except that the presence of trehalosephosphate was shown 
by the specific rotation whenever this ester formed a significant part of the 
fermentation products. 

Table V. 

Percentage distribution of eslorifiod phosphoric 


Method 

of 


Duration of 
fermentation 
(minutes) 

Phos¬ 

phorus 

Hexose- 

Hexose- 

Proh -hie partition of 
hexosemonopliosphate 

Fructose- Aldose- 

Tvohaluse- 

fermen- 


, - 

-^ 

esterified 

diphos- 

niOIlOplins- 

monophos¬ 

• monophos¬ 

monophos- 

Exp. tation 

Sugar 

h 

u 

O' 

/O 

phate 

, phate 

phate 

phate 

phate 

Feast juice: 

1 A 

Glucose 

155 

40 

97*3 

67*0 

32*5 

2-5 

30-0 

0*5 

2 

Fructose 

155 

40 

97-7 

47*5 

52*2 

13*0 

39*2 

0*3 

s !! 

Glucose 

160 

45 

97-6 

43 *5 

58*0 

17*0 

41*0 

0*5 

4 

355 

40 

990 

61*2 

38*1 

13*6 

24*5 

0*7 

5 

Fructose 

140 

25 

99-5 

39*3 

61*0 

12*0 

49*0 

0*7 

6 


145 

25 

98*8 

35*0 

64-0 

19*0 

45*0 

1*0 

'.ymin: 

7 A 

Fructose 

225 

35 

95*2 

86*5 

11*0 

2*0 

9*0 

2*5 

8 

Glucose 

230 

35 

96*1 

88*0 

9*0 

1*5 

7*5 

3*0 

tried yeast a: 

9 A 

Fructose 

270 

40 

96*6 

90*0 

5-0 

0*0 

5*0 

5-0 

10 


270 

40 

97*3 

84*5 

10*0 

1*5 

8*5 

5*5 

11 

Glucose 

270 

40 

99*4 

85*5 

8-5 

2-0 

6*5 

6*0 

tried yeast e: 

12 A 

Fructose 

270 

40 

94*4 

92*0 

3*0 

0-0 

3*0 

5*0 

ried yeast b: 

13 A 

Fructose 

70 

20 

82*3 

83*0 

14*5 

2*5 

12*0 

2-5 

14 „ 


140 

25 

95*4 

80*5 

12*5 

1*5 

11*0 

7*0 

15 


260 

75 

99*4 

89*0 

4-5 

1*0 

3*5 

6-5 

ried yeast c: 

16 A 

Fructose 

65 

10 

61*6 

78*5 

20*0 

3*0 

17*0 

1*5 

4*5 

17 

ft 

90 

10 

76*9 

90*5 

5*0 

0-5 

4*5 

18 

Fructose 

225 

45 

96-1 

89*5 

3*5 

0-5 

3-0 

7*0 

19 a B 

110 

5 

89*0 

82*5 

9*0 

1*5 

7*5 

8*5 

19 b 

}} 

110 

305 

96*0 

80*0 

8*0 

1*5 

6*5 

12*0 

20 a „ 


80 

5 

80*0 

79*0 

15*5 

3*0 

12*5 

5*5 

20 b 

!) 

80 

35 

94*0 

81*0 

13*5 

2*0 

11*5 

5*5 

ried yeast d: 

21 a B 

Fructose 

80 

5 

89'0 

66*6 

30*4 

8*5 

21*9 

3*0 

2i b 

„ 

80 

19hrs, 

06-0 

84*6 

15*4 

3*9 

11*5 

0*0 


h is the time interval between the first and last additions of phosphate. 

*8 is the time interval between the last addition of phosphate and the addition of trichloroacetic acid, 
in the experiments with dried yeast and zymin, but not with yeast juice, there was a preliminary period of 1 to 14 hr®, before 
e first addition of phosphate. 
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Distribution of phosphoric esters in the products of fermentation. 

From the foregoing discussion it is clear that the quantitative estimation 
of the phosphoric esters in fermentation products, by division into fractions 
according to the solubility of the barium salts, is likely to give erroneous 
results unless the composition of the fraction is further investigated by 
analysis. The proportion of the soluble hexosemonophosphates precipitated 
with the sparingly soluble hexosediphospkate and the amount of the latter 
remaining in the filtrate will vary according to the relative proportions of 
these esters and of inorganic phosphate in the fermentation products. Even 
the analytical methods described in this paper do not furnish entirely de¬ 
pendable results. Table V shows the distribution of the total esterified phos¬ 
phorus based on the estimated composition of the fractions. The main division 
into hexosediphosphate, hexosemonopkosphate and trehalosemonophosphate 
may be accepted as approximately correct, since other esters, if present, 
cannot form more than a very small fraction of the whole. The partition of 
the hexosemonophosphate into its aldose, and fructose components is given 
with reserve as these figures are based, not on the theoretical iodimetric value 
for an aldosemonophosphatc (45*6 %), but on the value (41 %) experimentally 
found for the purest specimen of this component yet obtained. Although there 
are grounds for believing this to be pure glucosemonophosphate, the disparity 
in the iodine reduction values is difficult to explain. In addition, both the 
Selivanoff and iodine values are liable to be affected by the impurities present 
in the crude fraction. 

In Exps. I to 12 (method A, p. 120) each addition of sodium phosphate 
was made after the rate of evolution of carbon dioxide had fallen to the 
minimum and the fermentation was stopped at a similar interval after the 
last addition. 

In the fermentations with yeast juice (1-6) the proportion of liexose- 
monophosphate was high and reached 64 % of the total esterified phosphorus 
in one experiment. Still higher percentages of hexosemonophosphate have 
been recorded by Neuberg and Leibowitz [1927] and by Harden and Henley 
[1929]. The presence of a very small proportion (1 % or less) of trehalose¬ 
monophosphate was deduced by calculation but this ester was not isolated 
from the products. 

For the dried yeast fermentations five different preparations were used, 
a, b, o, d , being made from an English brewer’s top yeast, while e was a 
bottom yeast. In Exps. 9-12 hexosediphosphate represented over 84 % of 
the organic phosphorus, while some 5 or 6 % was present as trehalosemono¬ 
phosphate, this ester being isolated by the methods previously described. 

The products of the zymin fermentations were similar to those obtained 
with dried yeast, but the proportion of trehalosephosphate was smaller. The 
ester was isolated from the products of Exp. 8. 

Exps. 13, 14 and 15 (dried yeast b) w r ere made in order to study the effect 
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of varying the intervals between phosphate additions on the distribution of 
phosphoric esters in the fermentation products. The specific rotation of the 
three soluble B fractions, [a]^ = -fi 32°, -f 58°, -f 75°, clearly indicated the 
very different proportions of trehalosemonophosphate to bexosemonophos- 
phate. The percentage of the latter ester was highest (Exp. 13) when the 
fermentation was carried out rapidly and the concentration of inorganic 
phosphate was maintained at a high level. With longer intervals between 
phosphate additions (Exp. 14) the proportion of hexosemonophosphate de¬ 
creased while that of trehalosemonophosphate increased. With still longer 
intervals (Exp. 15) hexosediphosphate increased, chiefly at the expense of 
hexosemonophosphate. In Exps. 16, 17 and 18 (dried yeast c) the variations 
were of the same general nature, having regard to the fact that a different 
yeast preparation was used and that the time intervals between phosphate 
additions were shorter than in the corresponding experiments of the previous 
series. In Exp. 16 the total period of fermentation was only 1| hours and 
no more than 61*6 % of the phosphorus was esterified, of which 20 % was in 
the form of hexosemonophosphate and only 1*5 % in the form of trehalose¬ 
monophosphate. Exps. 19, 20 and 21 were made by method B (p. 120). The 
phosphate-sugar solution was added continuously so that a high rate of evolu¬ 
tion of carbon dioxide was maintained. In each experiment one half of the 
fermenting mixture was removed and treated with trichloroacetic acid 
5 minutes after the phosphate addition was completed; the remaining half 
was allowed to ferment for further periods of 5, l and 19 hours respectively, 
further additions of sugar being made in Exps. 19 and 21. The results in each 
case show a decrease in the amount of hexosemonophosphate during the 
second period, but this is not so marked as in Exp. 15. In Exp. 19 6, 5 hours 
after the last phosphate addition, the production of trehalosemonophosphate 
reached the maximum value hitherto observe,! (12 %). In Exp. 21 b, and in 
other experiments not recorded, trehalosemonophosphate entirely disappeared 
during 19 hours’ fermentation. The divergent results that may be obtained 
when otherwise similar experiments are carried out with different preparations 
of dried yeast are illustrated by Exps. 20 a and 21 a. This difficulty is intensified 
when the products of fermentation by yeast juice are investigated. 

So far as this limited number of experiments can justify any general con¬ 
clusion, it may be said that the production of hexosemonophosphate is 
maximum when inorganic phosphate is present in considerable excess and a 
'high rate of fermentation is maintained; this hexosemonophosphate tends to 
decrease as trehalosemonophosphate accumulates when fermentation is con¬ 
tinued with a low concentration of inorganic phosphate, but during very 
prolonged fermentation trehalosephosphate disappears while hexosediphos¬ 
phate increases. 

No significant differences have been observed between the results obtained 
with glucose and with fructose. 

Similar conclusions with regard to the production of hexosemonophosphate 
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have been stated by Neuberg and Leibowitz [1927], who used juice prepared 
from a bottom yeast. The recent work of Boyland [1929] on the sequence of 
the formation of phosphoric esters by dried yeast led him to conclude that 
trehalosemonophosphate is formed late in the reaction with phosphate. 

Experiments shortly to be published (Harden and Robison) indicate that 
when the hexosemonophosphates are fermented by zymin a high rate of 
fermentation, comparable with the phosphate rate in the fermentation of 
fructose, may be produced. This, however, only occurs in the presence of in¬ 
organic phosphate and the phenomenon exactly resembles that which takes 
place when sugar is fermented in presence of phosphate. If excess of mono¬ 
phosphate be added, the rate eventually falls and a second addition of 
monophosphate does not cause any further increase. 

Preparation of the phosphoric esters. 

For the preparation of the individual phosphoric esters it is important to 
choose a type of yeast and experiment al conditions which will give a maximum 
yield of the desired ester. For the preparation of the hexosemonophosphates 
rapid fermentation with an active yeast juice would be chosen. The mono¬ 
phosphates can be isolated and purified by conversion of the soluble B frac¬ 
tions into brucine salts and recrystallisation from dilute alcohol and other 
solvents. For the preparation of hexosediphosphate and trehalosemonophos- 
phatc a moderately prolonged fermentation with dried yeast may be expected 
to give the best results. The diphosphate can be readily obtained in pure 
condition by extracting the sparingly soluble fractions with 200 parts of 
water at p H 8*6. The clear filtrate, which should be free from inorganic 
phosphate, is treated with alcohol until a slight cloud forms and is then heated 
in 200 cc. portions to 70° in a water-bath and filtered hot. The diphosphate 
remaining in solution can be recovered in a somewhat less pure condition by 
adding more alcohol and again heating to 70°. Purification by means of the 
lead salt is of little advantage and often leads to hydrolysis during the de¬ 
composition by sulphuretted hydrogen. The inorganic phosphate always 
present in the 10 % B fraction must have arisen in this way. Barium hexose¬ 
diphosphate should be dried at low temperatures. Hydrolysis to the extent 
of 20 % has been observed after heating in vacuo over phosphorus pentoxide 
at 100° for 6 hours. 

A CRYSTALLINE FORM OF BARIUM TREHALOSEMONOPHOSPHATE. 

Trehalosemonophosphate may be isolated from the soluble B fraction by 
means of its crystalline, sparingly soluble brucine salt. The final purification 
is much simplified by the aid of the crystalline barium salt which has been 
obtained during the last few months. The amorphous salt is very soluble in 
water, but if the solution is treated with alcohol (15-20 %) until the first 
signs of precipitation are observed and then left at room temperature, trans¬ 
parent needles separate out in the course of a few hours and continue to 
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increase in quantity during some days. The concentration of alcohol may be 
gradually increased, but with 20 % alcohol almost the whole of the ester 
ultimately separates in crystalline form. The crystals are very sparingly 
soluble in cold water, but if brought into solution with the aid of heat or of 
dilute acid they can be reconverted into the amorphous soluble form by rapid 
precipitation with alcohol. They appear to contain water of crystallisation 
(5 mols), but otherwise to have the same composition as the amorphous salt. 
It is suggested that this crystalline form may consist of two or more molecules 
joined together through the barium atoms, that is of a double salt similar in 
type to those discussed earlier in this paper. 

Summary. 

1. Methods are described for the separation and investigation of the 
phosphoric esters produced during fermentation of sugars by yeast pre¬ 
parations. 

2. Sources of error in the conclusions drawn from results obtained with 
the aid of these and other methods are discussed. 

3. The distribution of total esterified phosphorus between the four known 
esters, estimated by the application of these methods, is gi\ en for a number 
of fermentation experiments with yeast juice, zymin and dried yeast. 

4. Some indication has been obtained of the presence of a fifth ester, but 
this can at most form only a very small proportion of the fermentation 
products. The evidence is not yet decisive. 

5. The effect of varying the rate of addition of phosphate on the relative 
proportions of the different esters has been studied. Hexosemonophosphate 
was obtained in maximum yield when the fermentation was rapid and inor¬ 
ganic phosphate was in considerable excess. Trehalosemonophosphate, on the 
other hand, increased in amount when the fermentation was continued for 
some time after the addition of phosphate, but again decreased if the fermen¬ 
tation was prolonged. 

6. A sparingly soluble crystalline form of barium trehalosemonophosphate 
is described. 
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The production of an immediate carmine red colour with an aqueous solution 
of trichloroacetic acid has been shown, in all probability, to be dependent 
upon the presence of a A 1:1;< (or A 1:2 ) ethenoid linkage in the sterol ring 
system [Rosenheim, 1929]. In accordance with this cholesterilene [Bose and 
Doran, 1929], </r-cholestene, aWocholesterol [Windaus, 1927] and ergosterol 
[Heilbron and Sexton, 1929] all give the reaction, the latter being further 
characterised by the fact that the red coloration passes rapidly to blue. 

Another reaction which has been stated to be specific for the detection of 
ergosterol or its derivatives (dehydroergosterol and isoergosteryl acetate) is 
the green coloration produced by the Tortelli-Jaffe reaction [Haussler and 
Brauchli, 1929]. Employing this method the colour only develops slowly 
(about 10 minutes) and is only just discernible with 0*5 mg. ergosterol. The 
authors point out, however, that they have purposely not altered the stan¬ 
dardised method of carrying out the reaction. We find that by employing 
the following modification the reaction can be rendered both instantaneous 
and more sensitive. A crystal of ergosterol is dissolved in glacial acetic acid 
(5 cc.) and 1 cc. of a 2 % solution of bromine in chloroform is introduced 
down the side of the tube by means of a pipette; a green ring appears at the 
surface of contact of the two solutions. Using these conditions, 0*02 mg. 
ergosterol can be immediately detected. The reaction is of peculiar importance, 
however, as the appearance of colour occurs, as shown in Table I, in hydro¬ 
genated derivatives of ergosterol which do not respond to either the Rosenheim 
or SbCl 3 reagent. 

Whereas the compounds responding to the Rosenheim reaction are charac¬ 
terised by the presence of the A 1:13 (or A 1:2 ) double bond, it is evident that 
the appearance of colour in the bromine reaction is dependent upon some 
other ethenoid linkage. An insight into the position of this ethenoid linkage 
is gained in the first place from the non-reactivity of cholesterilene towards 
this reagent, and secondly from the positive reaction given by ergosterol. 
According to Bose and Doran [1929] cholesterilene may be represented as 
shown in formula I, whilst ergosterol is formulated as II [Heilbron and Sexton, 
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1929], It follows from this that the bromine reaction is dependent upon the 
presence of the inert A 10:19 (or A 30: n ) ethenoid linkage not present in cholesteri- 
lene. Thus both a- and /8-dihydroergosterol to which the formulae III and IY 
have been respectively ascribed [Heilbron, Johnstone and Spring, 1929] fail 
to give the Rosenheim reaction, but react positively towards bromine. Again 
both a- and /3-isoergosterol (formula V) [Heilbron and Spring, 1929] show, 
as anticipated, both the Rosenheim and the bromine reaction. The same 
applies to dehydroergosterol (C 27 H 40 O, F 4 ); the presence of the “inert” linkage 
in this compound is demonstrated by the fact that hydrogenation leads to 
a-ergostenol [Windaus and Linsert, 1928]. 
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Compound 

Ergosterol 

a- Dihydroergosterol 

/J-Dihydroergosterol 

a-isoErgosterol 

H-2>oErgo8terol 

Dihydrotsoergosterol 

Dehydroergosterol 

a-Ergostenol 

/?-ErgostenoJ 

aJ/o-a-Ergostanol 

Cholesterol 

Cholesterilene 

Cholestena 

^-Cholestene 

aZ/oCholesterol 

/2-Cholesterol 


IV 


V 


Table I. 


Rosenheim 



reagent 



(trichloroacetic 



acid) 

SbCI 8 

Bromine 

Pink -> blue 

Red 

Positive 

Negative 

Negative 

Positive 

Negative 

Negative 

Positive 

Pink 

Yellow 

Positive 

Pink 

Yellow 

Positive 

Pink 

Yellow 

Positive 

Pink -> green 

Blue 

Positive 

Negative 

Negative 

Positive 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Negative 

Carmine-red 

Carmine 

Negative 

Negative 

Negative 

Negative 

Carmine-red 

Brown-red 

Negative 

Yellow-orange 

Brown-red 

Negative 

Carmine-red 

Red-brown 

Negative 


i/H I I Ah I 

/O OH, H t C C- OH, 

HO.HC CH, HO.HC CH, 

VI 


Absorption spectra 
Bands at 260, 270, 281 
2935 w 

No selective absorption 
No selective absorption 
Band at 247 fifi 
Band at 247 ^ 

Band at 247 /x/x 
Band at 313, 326, 344^ 
No selective absorption 
No selective absorption 
No selective absorption 
No selective absorption 
Bands at 294, 304, 321 ^ 
No selective absorption 
No selective absorption 
No selective absorption 
No selective absorption 
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The most important evidence regarding the specificity of the bromine 
reaction in relation to the “inert” ethenoid linkage is obtained from a com¬ 
parison of a-ergostenol (tetrahydroergosterol) to which we ascribe the structure 
shown in formula VI, with its position isomer j8-ergostenol [Reindel, Walter 
and Rauch, 1927]. Whereas the former compound fails to give, as anticipated, 
either the Rosenheim or the parallel antimony trichloride reaction, it readily 
shows the bromine coloration. On the other hand jS-ergostenol gives no colour 
with any of the reagents. That the A 10;1{) double bond is absent from this 
compound is evident from the fact that it is readily hydrogenated to the fully 
saturated allo-a-e rgostanol (hexahydroergosterol) which also fails to give 
colour reactions. 

As shown in Table I no cholesterol derivative gives a positive reaction 
with bromine, a fact again explicable by the ease of complete hydrogenation 
of all such compounds and consequent absence of any “inert” linkage. 

Selective absorption . Heilbron, Morton and Sexton [1928] have suggested 
that the power of selectively absorbing in the ultra-violet is only shown by 
sterol derivatives containing at least two double bonds in the molecule. It 
now appears that this statement can be further qualified as, of the sterol 
derivatives so far examined, only those show selective absorption which 
contain not only two double bonds but give positive colour reactions with 
trichloroacetic acid or antimony trichloride, i.e. which contain the A 1:13 
(or A 1,2 ) ethenoid linkage. Thus ergosterol, a - and fi-isoe rgosterol, dihydro- 
isoergosterol [Heilbron and Spring, 1929], dehydroergosterol and cholesterilene 
all give coloured solutions in presence of the Rosenheim reagent or SbCl 3 , 
and all show well-defined bands in the ultra-violet. On the other hand 
although both a- and j9-dihydroergosterol contain two double bonds in the 
molecule, the potent A 1:1H linkage is absent and only general absorption is 
shown. 

Summary. 

1. The Tortelli-JafE6 reaction has been modified so as to render it more 
sensitive. The reagent appears to be specific for sterol derivatives containing 
an “inert” (as applied to hydrogenation) linkage, possibly in position A 10:19 . 

2. Selective absorption of sterols is conditioned by the presence of two 
ethenoid linkages in the molecule, one of which must apparently be in the 
A 1;1S (or A 1:2 ) position. 
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The object of this paper is primarily to remove the confusion which appears 
to have arisen in a recent note on the absorption spectrum of vitamin A by 
Rosenheim and Webster [1929]. 

Takahashi et al . [1925], in work on * r biosterin,” recorded the fact that 
concentrates from the non-saponifiable fraction of liver oils exhibit selective 
absorption near 320/zp, which was ascribed to vitamin A. Adverse criticism 
having made it clear that “biosterin” was very far from being pure vitamin A, 
it became uncertain whether the absorption band was due to the vitamin 
itself or to some other substance present in the concentrate. 

Morton and Heilbron [1928] undertook to test the assumption that 
vitamin A exhibits selective absorption in the near ultra-violet, since the 
substance appears to undergo photochemical decomposition in sunlight. It 
was found that cod-liver oils, rich in the vitamin, exhibited a broad band in 
the region 300-350/x/x (max. near 328/u/x), and that the material responsible 
for the band was concentrated in the non-saponifiable fraction. It was shown 
further that in all cases the intensity of the band was proportional to the 
intensity of the blue colour obtained with antimony trichloride. When the 
oils were irradiated by means of any light source emitting rays near 320/x/x, 
and when the oils were treated with oxygen, the absorption band near 328 /x/x 
and the capacity to give a blue colour disappeared at exactly the same rate. 
In all, the results for spectroscopic examinations both of blue colours and 
ultra-violet absorption for some. 40 samples of fish oils, liver oils, concentrates 
-and animal oils were observed without disclosing any departure from the 
strict parallelism between ultra-violet absorption, blue colour test, and, so far 
as was possible, growth-promoting action. 

Drummond and Morton [1929] endeavoured to test the parallelism still 
more stringently. Six samples of cod-liver oil were examined, (a) fresh, 
(b) after storage for one year in darkness, (c) after storage for one year exposed 
to diffuse daylight. Throughout, the parallelism between the colorimetric and 
spectrographic tests was exceedingly close. Exhaustive biological tests on 
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large numbers of rats were carried out on these oils, and considering the 
great difficulties in the way of a quantitative assay by animal tests, the 
agreement with the two physical tests was highly satisfactory. Further tests 
on sheep-liver fat and oil obtained from marine animals or fishes gave con¬ 
sistent results. More important perhaps from the present point of view was 
the fact that the richest concentrates of vitamin A obtained from liver fats 
gave a satisfactory growth response at precisely the dosage predicted from 
the intensity of the ultra-violet band and the blue colour. There is, therefore, 
a not inconsiderable body of evidence for stating that the growth-promoting 
factor present in liver fats exhibits selective absorption near 328/x/x and 
possesses the power of giving a blue colour (which has been defined spectro¬ 
scopically) with antimony trichloride. 

It will be observed that the claims have not been extended outside their 
proper sphere. The growth-promoting factor present in substances of vegetable 
origin may or may not be identical with the material in liver fats; there is 
no satisfactory evidence available yet. It is not claimed that if a substance 
promotes growth it must necessarily give the precise colour reaction of cod- 
liver oil and the near ultra-violet absorption band. To do so would be to 
make the unwarranted assumption that the vitamin A of liver fats is unique in 
the sense that it alone can produce a complex physiological response. It is, 
moreover, not claimed that if a substance absorbs near 300-350/x/x it must be 
vitamin A. If such a claim were pushed to a logical, if extreme, conclusion, 
such diverse substances as citral, benzaldehyde and xanthophyll would have 
to be reckoned with. 

The work on the vitamin A of liver fats rests essentially on an analytical 
basis. The best way to dispose of either the blue colour test or the ultra-violet 
absorption band as properties of the vitamin would be to concentrate the 
vitamin still further than has yet been done and to show that the parallelism 
to which reference has already been made ceases to hold. 

Rosenheim and Webster [1929] consider that they have subjected the 
claim that vitamin A has a band near 328/x/x to the experimental test by 
preparing dehydroergosterol, and (a) confirming the absorption curve pre¬ 
viously obtained by Windaus and Linsert [1928], ( b ) observing that the 
material does not promote growth, nor (e) give a blue colour with antimony 
trichloride. It is stated that dehydroergosterol possesses intense absorption 
exactly in the same region as that claimed for vitamin A, and “that selective 
ultra-violet absorption at 320-328ft/x, at any rate by itself, cannot be taken 
as a criterion of vitamin A.” 

The criticism advanced by Rosenheim and Webster means that if a 
substance such as dehydroergosterol exhibits selective absorption similar to 
that found in liver oils and concentrates, then such absorption cannot be 
ascribed to vitamin A. Such criticism is only valid if it be shown quanti¬ 
tatively that the selective absorption of liver oils in the near ultra-violet is 
actually due to dehydroergosterol. Otherwise, fortuitous coincidences cannot 
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be ruled out. Whether the resemblance is indeed fortuitous is another 
matter; no relevant evidence has yet been brought forward. 

In choosing dehydroergosterol as the reference substance it is conceivable 
that Rosenheim and Webster were acting on the suspicion that, since 
vitamin D is an ergosterol derivative, vitamin A might also be related to 
ergosterol. Accepting the idea as attractive if as yet but vaguely supported, 
let us submit that an argument valid for vitamin D might also be valid 
for vitamin A. Vitamin D and ergosterol appear to absorb selectively 
in roughly the same region of the spectrum. If, however, the criticism of 
Rosenheim and Webster with regard to vitamin A has any meaning, selective 
absorption at 260-300is not a test for vitamin D. Admittedly such an 
incomplete description of a physical measurement would include many com¬ 
pounds. The chance of coincidence is, however, greatly reduced when the 
intensity of absorption, say a 0*01 % solution and a 1 mm. layer, is specified. 

Now in comparing the absorption curve for dehydroergosterol and vita¬ 
min A, Rosenheim and Webster neglect the intensity factor. We have con¬ 
ducted a very careful re-investigation of dehydroergosterol [of. Windaus and 
Linsert, 1928J and find that log 1JJ --- 1*0 (ca.) with a 2 mm. layer of 0*02 % 
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Fig. 1. 


- Absorption curve for dehydroergosterol; concentration 0*02 %; cell thickness 2 mm. 

-The same selective absorption as observed without resolution (cf. Windaus and 

Linsert). 


solution. A sheep-liver fat concentrate containing at most 10 % of vitamin A 
(according to estimates supplied by Prof. Drummond) absorbed to roughly 
the same extent with a 3 mm. layer of a 0-02 % solution. Hence if the band 
shown by the concentrate is due to vitamin A, the absorption of dehydro¬ 
ergosterol must be of a lower order. Not only is this the case, but the 
general shapes of the respective curves for vitamin A and dehydroergosterol 
are entirely different. Whilst the curve we have attributed to vitamin A has 
not so far been resolved 1 , that of dehydroergosterol shows three distinct bands 
1 Evidence of ill-defined resolution is now being obtained using very rich concentrates. 
(Note added February 3rd, 1930.) 



ABSORPTION SPECTRA AND VITAMIN A 


139 


at 342, 326 and 311 fifx and an inflexion at about 297 iifju (Fig. 1). In fact the 
only proved resemblance is that the two curves extend between roughly the 
same limits. In view of this startling discrepancy it will perhaps be worth 
while to append evidence that our material is indeed dehydroergosterol. 

The dehydroergosterol was prepared by boiling an alcoholic solution of 
ergosterol with mercuric acetate in alcoholic solution acidified with acetic 
acid, under the exact conditions described by Windaus and Linsert [1928]. 
After removal of mercurous acetate, the product w r as repeatedly crystallised 
from chloroform-methyl alcohol and finally obtained in large plates melting 
at 146°. The melting-point of dehydroergosterol is, however, in itself no 
trustworthy criterion of purity, as impure samples containing unchanged 
ergosterol melt at the same temperature as the pure product. We have conse¬ 
quently followed the purification throughout by means of the polarimeter. 
The portion used for the spectrographic examination had the following 
constant rotation: 

[a] 1 ^ 0 = 149°*3 (c = 1*59 in chloroform). 

Windaus and Linsert [1928] give 

[«]**° = + 149°*2 (c = 1*21 in chloroform). 



200 240 260 320 360jUM 

Fig. 2. Curves illustrating the disappearance of the characteristic absorption of dehydro 
ergosterol as a result of increasing periods of exposure to ultra-violet light. Initial 
concentration 0*02%; cell thickness 2 mm. throughout. 

In order further to characterise our product, dehydroergosterol was 
acetylated by boiling with acetic anhydride (10 parts) for 30 minutes. The 
material obtained after recrystallisation from absolute alcohol had physical 
properties identical with those described by Windaus and Linsert for de- 
hydroergosteryl acetate. 

Found: m.p. 146°; [a\ l £° = + 193°*0 (c = 1*5 in chloroform). 

Windaus and Linsert give 

M.p. 146°; [a]^ 8 ° = -f 192°*5 (c = 2*0 in chloroform). 

It is not difficult to realise how the finer structure of the dehydroergosterol 
curve could escape detection by Windaus and Linsert if a photoelectric 
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method were used. By this method the intensity of absorption is determined 
for selected wave-lengths of monochromatic radiation, e.g. 253-6, 265, 289, 
303, 313, 336ju/x, intermediate wave-lengths being neglected. With a photo¬ 
graphic method, in conjunction with a perfectly continuous spectrum, the 
detailed structure of the absorption curve becomes apparent. 

The photochemical decomposition of dehydroergosterol is a matter of 
some interest, and in Fig. 2 the result of exposure to the full radiation from 
a quartz mercury lamp using quartz test-tubes is shown. Among the products 
of the reaction is a substance exhibiting a broad band with a maximum near 
247 pp. In the present preliminary work a current of nitrogen was kept 
bubbling through a 0*08 % solution in alcohol. The photochemical changes 
are being further studied under different conditions. 

Summary. 

1. The criticism of Rosenheim and Webster [1929] that the selective 
absorption in the ultra-violet (broad band, max. 328/x/t) of liver oils, in itself, 
cannot be taken as a criterion of vitamin A, is contested on general grounds. 

2. The statement that dehydroergosterol exhibits an absorption band in 
the ultra-violet similar to that of vitamin A of liver oils is ako contested, 
since this substance exhibits four narrow^ bands. The only similarity between 
the ultra-violet absorption spectra of dehydroergosterol and vitamin A is that 
they absorb in approximately the same region. Further, the intensity of 
absorption of dehydroergosterol is not greater than one-sixth of that shown 
by the absorbing constituent of liver oils. 

In conclusion we desire to express our appreciation of the support given 
by the Department of Scientific and Industrial Research. 
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XX. THE INHIBITION OF LACTIC ACID 
FORMATION IN CANCER AND MUSCLE. 


By SYLVA THURLOW HARRISON and EDWARD MELLANBY. 

From the Department of Pharmacology, Sheffield; University. 

(Received December 5th , 1929.) 

From a chemical standpoint, the problem of cancerous growth may be con¬ 
sidered in two ways, either that disordered growth is caused by the presence 
of a chemical factor not present in normal tissue, or that disordered growth 
is caused by the absence of some factor normally present in adult tissue. The 
latter point of view seems, perhaps, to be the more plausible when one con¬ 
siders that, in certain respects, the metabolism of embryonic tissue and that 
of cancer tissue are similar [Warburg, 1924], It seems reasonable to assume 
that with the development of the embryo there also develops a factor which 
checks certain phases of embryonic metabolism. This factor, present in normal 
adult tissue, would act as a growth regulator. If, in later life, the factor for any 
reason disappears, the tissue would again assume certain embryonic charac¬ 
teristics. In this paper experiments are described which were carried out to 
determine whether the addition of normal tissue extracts to cancer could 
change the characteristic metabolism of malignant tissue. As is well known, 
the work of Warburg [1923-1926] has shown that the most characteristic of 
the differences so far observed between the metabolism of cancerous tissue 
and that of normal tissue is the marked glycolytic power of the former. The 
line of experimentation followed, then, was to observe the change in glycolytic 
activity of cancer tissue brought about by the addition of extracts of various 
normal tissues. 

Different regions of the body seem to possess a markedly different suscepti¬ 
bility to cancerous growths. The small intestine apparently affords a site very 
unfavourable to the growth of malignant tissue, since cancer in that region 
is extremely rare. On the line of thought suggested above, it might be 
supposed that the small intestine contained some chemical factor which 
checked cancerous growth, a factor either produced by the intestine itself or 
by one of those organs which empty their secretions into the small intestine. 
The pancreas thus suggested itself as the first tissue to use for our experi¬ 
mental purpose. A further reason for this choice was afforded by the obser¬ 
vation of Winfield and Hopkins [1915], and later of Foster and Woodrow 
[1924] and Foster [1925], that extracts of pancreas had an inhibiting effect on 
lactic acid formation by muscle hash. McCullagh [1928] showed that pan- 
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creatic extracts also inhibit lactic acid formation in the soluble muscle enzyme 
system of Meyerhof [1926]. The present paper shows the effect of pancreatic 
extracts on cancer metabolism. This work was begun in May, 1928, and many 
of the experiments to be described had been completed when in December, 
1928, a paper appeared by Barr, Ronzoni and Glaser [1928] in which the 
authors described experiments which had been undertaken with the same 
aim as our own, namely, to see whether pancreatic preparations inhibited 
the glycolysis of cancer tissue. Taking their results as a whole, they concluded 
that pancreatic extract did not inhibit this glycolysis. Our own experiments 
had led us to the opposite conclusion, and since some inhibition had been 
obtained in a number of Barr, Ronzoni and Glaser’s experiments, we decided 
to continue our work. 


Experimental. 

Warburg has shown that not only is the anaerobic glycolysis of cancer 
tissue high, but also the aerobic glycolysis, whereas normal adult tissue shows 
practically no aerobic glycolysis. We therefore studied first the effect of 
pancreatic extracts on the aerobic glycolysis of cancer tissue. The type of 
manometric apparatus and technique described by Warbuig were used. In 
all of these experiments, a thin slice of cancer tissue was suspended in bicar¬ 
bonate Ringer solution (0-25 M with respect to bicarbonate). When glycolysis 
was being measured, the Ringer contained 0*2 % glucose. Each apparatus 
was filled with a mixture of 95 % air and 5 % C0 2 and shaken in a water- 
bath at 37° for 1 hour. At the end of the experiment, the tissue was removed, 
washed, dried and weighed. A watery extract of commercial pancreatin was 
made by allowing 0*5 g. of the dry preparation to stand in 5 ec. water for 
an hour and then filtering. This preparation was made fresh every day. 
Another extract was made according to the method of Foster and Woodrow 
[1924] in which the factor is precipitated by 70 % alcohol. In all the later 
experiments, the pancreatic preparation from fresh pancreas described by 
Ronzoni, Glaser and Barr [1928] was used. This is precipitated by 58 % 
alcohol. Preliminary experiments showed that heated pancreatic extract did 
not inhibit the glycolysis of cancer tissue. In investigating the action of the 
pancreatic extracts, the same amount of heated extract was always added 
to the control apparatus as of unheated extract to the experimental 
apparatus, the two solutions being in this way more comparable than if water 
were used in the control. The pancreatic extract for the control was immersed 
in a test-tube in boiling water for 5 minutes. The p n of heated and unheated 
extracts was brought to 7*6 before using. 

The malignant tissue used was for the most part mouse carcinoma 63, 
and occasionally the slow growing Twort carcinoma, both kindly supplied 
by Dr J. A. Murray, F.R.S., of the Imperial Cancer Research Institute. Rat 
carcinoma 9 was tried but great difficulty was experienced in getting tumours 
that were not necrotic or haemorrhagic. 
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A typical experiment using mouse carcinoma 63 is given below. Five 
Barcroft micro-apparatus, of the type having the manometer open at one 
end, were used, containing: 

1. 0*4 cc. bicarbonate Ringer -f 0*1 cc. pancreatic extract f- 2*8 mg. tissue: 

2. 0*4 cc. bicarbonate Ringer -f 0*1 cc. heated pancreatic extract -}- 2*2 mg. 

tissue: 

3. 0-4 cc. bicarbonate Ringer (0*2 % glucose) -f Oi cc. pancreatic extract 

+ 1*6 mg. tissue: 

4. 0*4 cc. bicarbonate Ringer (0-2 % glucose) -f 01 cc. heated pancreatic 

extract -f 1*8 mg, tissue. 

A fifth apparatus containing 0*5 cc. Ringer only was used as a temperature 
control. Apparatus 1 and 2 contained no glucose and therefore gave the C0 2 
produced by oxidation processes. Apparatus 3 and 4 contained glucose, and 
any C() 2 given off beyond that produced in 1 and 2 was due to the glycolysis 
of glucose [Warburg, 1923], The figures (multiplied by the apparatus constant 
and divided by tissue weight) for the above experiment are given below. They 
represent mm. 3 C0 2 per mg. dry weight of tissue per hour. 


1. Ringer - 

f- pancreatic extract 

-f 0-5 

2. „ 

r heated extract 

- 1-7 

3. 

1 glucose f pancreatic extract 

+ 14-6 

4. „ -i 

r glucose + heated extract 

20-2 


Glycolysis with pancreatic factor = (14*6 — 0-5) — 14*1 


„ without ,, ,, — (20*2 ~r 1*7) = 21*9 

In this experiment the pancreatic extract has caused an inhibition in 
aerobic glycolysis of 35 %. Previous workers using muscle hash had obtained 
inhibitions ranging from 40 to 60 %. 

A possible source of error lay in the fact that the buffering power of the 
pancreatic extract might have been lowered by heating and that hence the 
heated extract would not retain so muchC0 2 as the unheated. If this were 
true, a correction factor would have to be applied to the observed readings. 
To test this possibility, an experiment was carried out according to Negelein’s 
[1925] method, and it was found that no extra retention of C0 2 occurred in 
the solution containing unheated pancreatic extract and that therefore no 
retention correction was necessary. 

Table I gives the results of experiments measuring the aerobic glycolysis 
of cancer tissue as affected by extracts of pancreas. The pancreatic extract 
made according to Foster and Woodrow is designated as F and W. The 
extracts marked “sterilised” were passed through a sterilising filter. 

It will be seen from Table I that in 15 of the 22 experiments the pancreatic 
extract caused an inhibition of glycolysis ranging from 15 to 100 %. During 
the course of these experiments, the work of Case and McCullagh [1928] 
appeared, which showed that the pancreatic factor inhibiting muscle glycolysis 
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Table I. 






mm. 3 C0 8 

per mg. 

per hour 

Inhi¬ 

No. of 

Cancer 

Pancreatic extract 

Without 

With 

Aerobic 

bition 

exp. 

tissue 

cc. 

glucose 

glucose 

glycolysis 

% 

1 

Tworfc 

Water extract 

0*01 heated 

- 1*35 

4 15*18 

16*5 





001 

4 1-4 

4 6*9 

5*5 

66 

2 

63 

Water extract 

0*1 heated 

- 0*6 

4 8*6 

9*2 





0*1 

+ 7*8 

4 12*0 

4*4 

52 

3 

63 

Water extract 

0*1 heated 

4- 1*4 

4 19*2 

18*8 





0*1 

+ 20*1 

4 30*8 

12*7 

32 

4 

63 

Water extract 

0*1 heated 

+ 0*5 

4 15*7 

15*2 





0*1 

4- 8*1 

4 8*1 

0*0 

100 

5 

63 

Water extract 

0*05 heated 

4 0*2 

4 19*1 

18*9 





005 

4- 6*0 

4 21*9 

15*9 

16 

6 

63 

Fand W 

0*1 heated 

- 2*9 

4 4*9 

7*8 





0*1 

4 2*8 

4 4*7 

1*9 

75 

7 

63 

Fand W 

0-1 heated 

4- 3*5 

4 16*9 

13*4 





0*1 

4- 6*7 

4 8*0 

1*3 

90 

8 

Spontaneous 

Water extract 

0*05 heated 

- 0*5 

+ 21*6 

22*1 



mouse tumour 


0*05 

- 1*0 

4 16*9 

17*9 

19 

9 

63 

Water extract 

0*05 heated 

- 2*8 

4 10*9 

13 7 




sterilised 

0*05 

4- 2*4 

4111 

8*7 

36 

10 

Twort 

Water extract 

0*05 heated 

- 3*6 

411-6 

35*2 





005 

4* 33*0 

427*4 

— 

100 

11 

63 

Water extract 

0*05 heated 

- 0*4 

4 19*3 

19*7 





0*05 

4 29*0 

4 36*0 

7*0 

64 

12 

63 

Water extract 

0*05 heated 

4 2*4 

4 7*9 

5*5 




sterilised 

005 

4 12*4 

4 14*1 

1*7 

69 

13 

63 

W T ater extract 

0*05 heated 

0*0 

4 14*9 

14*9 





005 

4 8*6 

4 14*1 

5*5 

63 

14 

63 

Water extract 

0*02 heated 

4 1*3 

4 15*8 

14*5 

No inhi¬ 




0*02 

4 2*9 

4 18*0 

15 1 

bition 

15 

Twort 

Water extract 

0*05 heated 

4 0*7 

4 9*3 

8*6 





005 

4 3*7 

410*8 

7*1 

17 

16 

63 

Water extract 

0 05 heated 

- 0*9 

4 6*2 

7*1 

No inhi¬ 




005 

4 8*0 

4 24*2 

16*2 

bition 

17 

63 

Water extract 

0*05 heated 

- 1*8 

4 3 7 

5*5 

No inhi¬ 



sterilised 

0*05 

4 6*3 

416*2 

9*9 

bition 

18 

63 

W T ater extract 

0*05 heated 

4 2*8 

4 8*0 

5*2 





0*05 

4 3*2 

4 7*6 

4-4 

15 

19 

63 

Water extract 

0*05 heated 

4 1*1 

4 4*1 

3*0 

No inhi¬ 




0*05 

4 4*8 

4 7*9 

3*1 

bition 

20 

63 

F and W 

0*05 heated 

4 8*2 

4 15*3 

7*1 

No inhi¬ 



No amylase 

0*05 

4 5*2 

4 20*6 

15*0 

bition 

21 

63 

F and W 

0*1 heated 

- 1*6 

4 7*9 

9*5 

No inhi¬ 



No amylase 

0*1 

4 0*2 

413*8 

13*6 

bition 

22 

63 

Fand W 

0*1 heated 

- 0*8 

4 6*8 

7*6 

No inhi¬ 



No amylase 

0*1 

4 2*0 

411*6 

9*6 

bition 


'of starch was In all probability amylase. All extracts after that were tested 
for amylase. In three of the seven experiments (Nos. 20, 21 and 22) in which 
the pancreatic extract did not cause an inhibition of glycolysis, alcoholic 
extracts made according to Foster and Woodrow’s directions were used. 
Each of these extracts was tested for amylase and gave a practically negative 
result. In another of the experiments (19) in which there was no inhibition 
the aerobic glycolysis without pancreas was already very low, 3 mm. 3 CO 
being the production by 1 mg. of tissue in 1 hour as compared with an average 
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of 12 mm. 8 per hour. Discarding those experiments in which the alcoholic 
extracts contained no amylase, the results in Table I show that pancreatic 
extracts caused an inhibition in the aerobic glycolysis of cancer tissue in 
15 out of 19 cases. The solution containing unheated pancreatic extract and 
no glucose generally gave off more C0 2 than did that containing heated 
extract. It is unfortunate that the smaller figure for glycolysis with pan¬ 
creatic extract is obtained in some cases because the larger control is subtracted, 
but this does not apply to the malt diastase experiments nor to the anaerobic 
and chemical experiments to be given later which show that the lower glyco¬ 
lysis with unheated pancreatic extract is real. 


Table II. 

mm. 3 C() 2 per mg. per hour 






,- 

— . A - 

" 

Inhi¬ 

No. of 


Inhibitor 

Without 

With 

Aerobic 

bition 

rxp. 

Carcinoma 

cc. 

glucose 

glucose 

glycolysis 

0 / 

so 

1 

63 

Malt diastase 

0 05 heated 

4- 2*4 

416*9 

14*5 





005 

2*8 

*t 6*9 

4*1 

71 

2 

03 

Malt diastase 

01 heated 

-r 3*3 

*4- 21*7 

18*4 





0*1 

4 5*6 

4- 11*7 

6*1 

66 

3 

03 

Malt diastase 

0*1 heated 

4 4*8 

r 11*9 

7*1 





0*1 

4- 3*8 

4 5*6 

1*8 

74 

4 

03 

Malt diastase 

0*1 heatod 

-r 4*0 

f 11 1 

71 





OT 

4 3*8 

•i- 9*4 

5*6 

21 

5 

03 

Malt diastase 

0-05 heated 

4 0*3 

4 33*8 

33*5 





0*05 

4 - 4*8 

4 160 

11*2 

63 

a 

03 

Malt diastase 

0*05 heated 

2*5 

f 5*6 

3*1 




sterilised 

0*05 

-- 2*8 

4*7 

1*9 

39 

7 

03 

Malt diastase 

0*1 heated 

- 1*4 

+■ 11*3 

12*7 




sterilised 

01 

r 2*4 

5*6 

3*2 

74 

8 

63 

Malt diastase 

0*1 heated 

04 

1 9*4 

9*0 




sterilised 

0*1 

t 3*4 

4- 8*9 

5*5 

39 

1 ) 

03 

Malt diastase 

0*05 hea ted 

1*9 

4 3*0 

4*9 

No inhi¬ 



half strength 

0*05 

1*2 

4- 4*6 

5*8 

bition 

10 

Twort 

Takadiastase 

0*1 heated 

- 3 2 

4- 9*7 

6*5 





0*1 

-f 8*6 

-r 9*2 

0*6 

90 

U 

Twort 

Takadiastase 

0*1 heated 

4- 1*9 

r 22 7 

20*8 





0*1 

+ 14*0 

4- 10 2 

— 

100 

12 

Twort 

Takadiastase 

0*1 heated 

0*0 

f 10*4 

10*4 





0*1 

4 7*3 

4 12 4 

5*1 

51 

13 

63 

Takadiastase 

0*1 heated 

4 1*5 

7*6 

OT 





01 

4- 14*0 

4-13*5 

— 

100 

14 

03 

Takadiastase 

0T heated 

r 0*7 

4- 6*8 

6*1 





0-1 

4 6T 

4* 8*0 

1*9 

69 

15 

03 

Takadiastase 

0*1 heated 

-i- 1*0 

+ 12*3 

11*3 





0*1 

4 3*9 

► 11*9 

8*0 

29 

10 

63 

Takadiastase 

OT heated 

4 3*7 

4 8*1 

4*4 





0T 

4 7*5 

4 10*9 

3*4 

22 

17 

03 

Takadiastase 

0*1 heated 

t 6*8 

4 131 

6*3 

No inhi¬ 




0T 

4 5*5 

4 14*4 

8*9 

bition 

18 

63 

Salivary gland 

0T heated 

t 6*0 

4 23*4 

17*4 




0*1 

4* 0*4 

4 12 2 

6*8 

61 

19 

03 

Salivary gland 

0*1 heated 

4- 2*6 

4 9*2 

6*6 




0*1 

4 2*8 

4 7*2 

4*4 

33 

20 

03 

Salivary gland 

0*1 heated 

4- 2*2 

4 10*4 

8*2 




0T 

4 4*4 

-4- 9*4 

5*0 

39 

21 

03 

Salivary gland 

0*1 heated 

4- 0*8 

4 7*9 

7*1 




0*1 

4* 3*2 

4 9*6 

6*4 

9 

22 

03 

Salivary gland 

0T heated 

4 0*2 

4- 4*7 

4*5 

No inhi* 



OT 

0*0 

4 5*0 

5*0 

bition 
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Since Case and McCullagh had shown the inhibiting factor for muscle 
glycolysis to be present in other extracts containing amylase, we tried the 
effect of such extracts on the aerobic glycolysis of cancer tissue. Malt diastase 
and takadiastase extracts were made by extracting 0*5 g. dried commercial 
preparation with 5 cc. water for 1 hour, filtering and adjusting to about 
p n 7*6. The salivary gland preparation was made as follows. The submaxillary 
gland of an ox was minced, ground with acetone twice, filtered, ground with 
ether twice, filtered and dried in air. 0*2 g. was extracted in 8 cc. water. 

The effects of malt diastase, takadiastase and salivary gland extracts on 
the aerobic glycolysis of cancer tissue are shown in Table II. 

Table II shows that in 22 experiments in which malt diastase, taka¬ 
diastase or dried salivary gland was used, there were 19 cases in which the 
presence of one or other of these preparations caused an inhibition in the 
aerobic glycolysis of cancer tissue. 

Similar experiments using pancreatic extracts were then made anaerobic¬ 
ally. The experiments were carried out in the manner already described 
except that the gas mixture used for filling the flasks consisted of 95 % 
nitrogen and 5% C0 2 . The results are given in Table III. The pancreatic 
extract used in these experiments was prepared according to the method of 
Ronzoni, Glaser and Barr. 

The tissue used in all the experiments in this table was mouse carcinoma 6,8. 


Table III. 


No. of 

.Pancreatic extract 

mm. 3 0O 2 with 

Inhibition 

exp. 

cc. 

glucose 

o/ 

o 

1 

0*1 heated 

20*5 



01 

21*1 

28 

2 

0*1 heated 

1M 



01 

1*2 

89 

3 

0-1 'heated 

01 

15*8 

3*3 

79 

4 

01 heated 




01 

J *0 

84 

0 

01 heated 

24*0 



01 

13*0 

40 

0 

0*1 heated 

10*2 



01 

7*5 

26 

7 

0*1 heated 

11*7 



0*1 

0-4 

90 


It can be seen from Table III that pancreatic extract made according to 
Ronzoni, Glaser and Barr’s directions caused an inhibition (ranging from 
26 to 96 %) in the anaerobic glycolysis of cancer tissue in all of the seven 
experiments. 

Several experiments were then carried out on a larger scale, in which the 
lactic acid formed was estimated directly by the chemical method of Friede- 
mann, Cotonio and Shaffer [3927], The pancreatic extracts for these experi¬ 
ments were made according to Ronzoni, Glaser and Barr, a number of 
different preparations being used. A control was always done using Ringer 
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solution and pancreatic extract without tissue. The iodine value for this 
was subtracted from that obtained when a similar solution contained tissue. 
Also a control experiment was always made with tissue in Ringer with no 
added sugar to allow for the lactic acid from the tissue alone. The reading 
obtained from this control was subtracted from that obtained for the sugar- 
containing solutions both with and without pancreatic extract. 14 cc. bicar¬ 
bonate Ringer, 5 cc. pancreatic extract, or 5 cc. water (or in some cases 5 cc. 
heated extract) and 1 cc. glucose solution (of such strength that the final 
glucose concentration was 0*4 %) were put into a flask and a weighed amount 
of cancer tissue slices added. (A number of tumours were sliced thinly, the 
slices drained quickly on filter paper, and, having been picked at random from 
the mixed tumours, were weighed, about 0*4 to 0*5 g. being added to each 
flask.) The flasks were filled with nitrogen containing 5 % C0 2 , stoppered 
and shaken in a water-bath at 37° for 2 hours. Before the estimation of lactic 
acid, proteins were removed by trichloroacetic acid and sugars by copper 
sulphate and calcium hydroxide. Table IV gives the results of these experi¬ 
ments. P.E. designates pancreatic extract. 

Table IV. 


No. of 


Mg. lactic acid formed 

Inhibition 

exp. 

Cancer tissue 

per g. dry wl 

t. tissue 

% 

1 

(53 

No P.E. 

31*5 




With P.E. 

12*0 

61 


Human fibro¬ 

No P.E. 

32'8 



sarcoma of leg 

With P.E. 

0*0 

100 

3 

03 

No P.E. 

10*5 




With P.E. 

9*5 

42 

4 

03 

No P.E. 

48*7 




With P.E. 

22*7 

53 

r> 

(53 

No P.E. 

18*0 




With P.E. 

0*2 

99 

o 

(53 

No P.E. 

27 5 




With P.E. 

220 

20 

7 

03 

No P.E. 

40-5 




With P.E. 

190 

59 

8 

03 

No P.E. 

370 




With P.E. 

300 

19 

9 

03 

No P.E. 

48*0 




With P.E. 

60 

87 

10 

03 

No P.E. 

61*0 




With P.E. 

200 

67 

11 

63 

No P.E. 

80*5 




With P.E. 

26*0 

67 

12 

03 

No P.E. 

37*5 




With P.E. 

7*2 

80 

13 

03 

No P.E. 

30*0 




With P.E. 

3*0 

90 

14 

03 

No P.E. 

30*4 



+ fructose 

With P.E. 

0*9 

77 

15 

63 

No P.E. 

22*5 



+ fructose 

With P.E. 

6*5 

71 


Table TV shows that in the 13 experiments in which glucose was used the 
pancreatic extract in all cases caused an inhibition in the amount of lactic 
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acid formed, ranging from 20 to 100%. Warburg has shown that cancer 
tissue can use fructose also as a precursor of lactic acid. In the last two 
experiments in Table IV, 0*4 % fructose was used instead of glucose and it 
can be seen that pancreatic extract inhibits this glycolysis also. 

Barr, Ronzoni and Glaser [1928] quote a total of 21 ma nometric experi¬ 
ments on the glycolysis of cancer tissue in the presence of pancreatic extract, 
8 cases of inhibition occurring, ranging from 6 to 37 %. They also give 
6 chemical experiments in 2 of which inhibition occurred, to the extent of 
5 and 29 % respectively. They conclude that pancreatic extract causes no 
appreciable inhibition in the glycolysis of cancer tissue. If all the experiments 
in the previous four tables are considered together (not counting the 3 in 
which the pancreatic extract had no amylase), there is a total of 63, with 
only 4 where no inhibition occurred. We feel justified, then, in stating that 
some factor, presumably amylase, common to pancreatic extract, malt 
diastase, takadiastase and dry salivary gland, does cause an inhibition in 
the glycolysis of the cancer tissue used in this laboratory. 

The question now arises as to the mechanism by which these various 
extracts bring about inhibition. McCullagh has shown that the substance 
which brings about the inhibition in muscle glycolysis when starch is used 
is amylase. After the publication of this work, tests for amylase were always 
made on the various extracts used in our work, and we found that extracts 
containing no amylase gave no inhibition in the glycolysis of cancer tissue. 
It is difficult to make any accurate comparison using cancer tissue between 
the degree of inhibition caused by various preparations and their amylase 
content, because the use of slices of tissue, rather than the homogeneous 
tissue extract which McCullagh used from muscle, involves an experimental 
error which invalidates any but fairly large differences. Barr, Ronzoni and 
Glaser made an extract of cancer tissue but found it to be glycolytically 
inactive. It is therefore, at the moment, impossible to work with a more 
homogeneous source of the glycolytic enzyme from cancer tissue than is 
provided by slices of tissue. We assume, then, for the time being, that the 
factor inhibiting glycolysis in cancer tissue is amylase. McCullagh claims 
that amylase inhibits the glycolysis of starch because it prevents the 
formation of hexosephosphate which is known to be an intermediate product 
in the breakdown by muscle of starch to lactic acid. Barr, Ronzoni and 
Glaser, who added phosphate to bicarbonate-Ringer, observed no increase 
in the lactic acid formation by cancer tissue, and hence they assumed 
that glucose, when acted upon by cancer tissue, did not go through a phos¬ 
phate stage. This assumption was supported by their inability to observe 
any changes in inorganic phosphorus during the course of glycolysis in cancer 
tissue. They therefore explain their observations that in the majority of cases 
pancreatic extract did not inhibit the glycolysis of cancer tissue, by agreeing 
with McCullagh as to the function of the inhibiting factor, namely that in 
muscle it prevents the formation of hexosephosphate. If, in cancer meta- 
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holism, hexosephosphate plays no part, on the above assumption no inhibition 
of glucose glycolysis would be expected. But, as the previous tables have 
shown, in 95 % of our experiments pancreatic extract (or some other amylase- 
containing extract) did cause an inhibition of glycolysis in cancer tissue. We 
then made a number of experiments, using hexosediphosphate and hexose- 
monophosphate as substrates for glycolysis instead of glucose. Barium 
hexosediphosphate and barium hexosemonophosphate were very kindly given 
to us by Dr R. Robison, who informed us that the hexosemonophosphate was 
of the usual mixed aldose-ketose type, obtained by fermentation with yeast 
juice and purified by precipitation as basic lead salt. 

We also wish to express our thanks to Bayer Products, Ltd., for very kindly 
presenting us with a quantity of calcium hexosediphosphate. The hexose¬ 
phosphate solutions were made up so that they were equivalent to a final 
concentration of 0*4 % hexose, thus making them comparable with solutions 
containing 0*4 % glucose. Calcium hexosediphosphate was dissolved in the 
molecular equivalent amount of sodium oxalate, and the calcium oxalate 
centrifuged off, the supernatant liquid always being tested to ensure freedom 
from oxalate. The analysis provided by Bayer Products, Ltd. of the calcium 
hexosediphosphate showed that it contained 29 % water, an allowance for 
which was made in the quantities used. Barium hexosemonophosphate was 
treated with the molecular equivalent amount of Na 2 S0 4 , centrifuged and 
tested for freedom from Ba. The hexosediphosphate solution was prepared 
in the same way. Several experiments were done anaerobically using the 
manometric method already described. The results of these experiments are 
given in Table V. Carcinoma 63 was used. P.E. represents pancreatic 
extract. 

Table V. 


No. of 


mm. 3 C0 2 per mg. 


dry wt. tissue 

exp. 

Substrate 

per hour 

1 

Glucose 

29-5 


„ 4* P.E. 

Hexosediphosphate 

21-1 

3*9 


„ 4-P.E. 

0*8 

o 

Glucose 

1M 


„ +P.E. 

1*2 


Hexosediphosphate 

245 


-rP.E. 

4*4 

3 

Glucose 

15*8 


„ 4* P.E. 

3*3 


Hexosediphosphate 

0*0 


„ 4* PE. 

0*0 

4 

Glucose 

(5*5 


Hexosediphosphate 

0*0 

5 

Glucose 

10*2 


Hexosediphosphate 

Hexosemonophosphate 

00 

0*0 

6 

Glucose 

11*7 


I* 4* P.E. 

0*4 


Hexosemonophosphate 

0*8 


„ 4-P.E. 

1*5 
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Several experiments, in which the lactic acid was determined chemically, 
were carried out using these substrates. Their results are given in Table VI. 
Carcinoma 63 was used. 


Table VI. 




Mg. lactic acid 

No. of 


per g. dry wt. 

exp. 

Substrate 

tissue 

1 

Glucose 

550 


Hexosediphosphate 

00 

2 

Glucose 

300 


„ + P.E. 

30 


Hexosediphosphate 

1-7 


„ + P.E. 

0*0 


Hexosem on opliosphate 

0*0 


„ + P.E. 

0-0 

3 

Fructose 

22*5 


„ +P.E. 

0*5 


Hexosediphosphate 

7*0 


» + P.E. 

0*0 


Hexosem on ophosphate 

2*5 


The experiments in Tables V and VI show that cancer tissue cannot use 
either hexosediphosphate or hexosemonophosphate to any appreciable extent 
as a source of lactic acid. Starch was tried also as a substrate for cancer 
glycolysis but the tumour tissue was unable to act upon it, as Barr, Ronzoni 
and Glaser have also found. It is clear that the hypothesis that pancreatic 
extract inhibits glycolysis by preventing the formation of hexosephosphate is 
not applicable at any rate to cancer tissue, since the latter cannot form lactic 
acid from either the diphosphate or the monophosphate when they are supplied. 

The possibility that the inhibition might be a simple adsorption of glucose 
by the unheated extract is rendered unlikely by the result of the following 
experiment in which doubling the concentration of glucose, leading to an 
increase of free sugar in the solution, produced no appreciable change in the 
inhibition brought about by a given amount of pancreatic extract. Carcinoma 
63 was used. 



mm. 3 C0 2 per mg. 
dry wt. tissue 

Inhibition 

Substrate 

per hour 

0 / 

/o 

Glucose 04 % 

340 


„ „ 4- P.E. 

Glucose 0*8 % 

130 

46 

250 


„ „ +P-E. 

14-6 

43 


As yet, then, we have no explanation to offer for the mechanism by which 
pancreatic extract inhibits the lactic acid formation in cancer tissue. 

As a result of this work we decided to investigate McCullagh’s theory of 
the cause of inhibition by amylase of glycolysis in muscle, according to which 
pancreatic extract inhibits the formation of lactic acid by preventing the 
intermediate formation of hexosephosphate. We have already shown that 
this theory does not explain the inhibition produced by pancreatic extract 
on the glycolysis in cancer tissue. We now tried the effect of pancreatic extract 
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on the soluble muscle enzyme system of Meyerhof [1926], to which hexose- 
phosphate had already been added. The results are given in Table VII. For 
these experiments, the soluble muscle enzyme was prepared according to the 
directions of McCullagh. The quantities used in each flask were 8 ce. of muscle 
extract, 3 cc. phosphate buffer (made according to McCullagh), 4 cc. pan¬ 
creatic extract (Ronzoni, Glaser and Barr’s), 3 cc. 2*4 % substrate (starch, 
glucose, or hexosephosphate which was 2*4 % with respect to hexose), and 
2 cc. water or yeast activator (made according to Meyerhof [1927]). 5 cc. of 
the contents of each flask were removed immediately into 1 cc. of 20 % 
trichloroacetic acid, these solutions serving as controls. The remainder was 
incubated for 4 hours at 37°, and then 3 cc. of 20 % trichloroacetic acid were 
added. After filtering off the proteins, the sugars, starch and hexosephosphate 
were precipitated in an aliquot neutralised portion by CuS0 4 and Ca(OH) 2 . 
This method precipitates not only glucose, but, as was shown by Embden 
and Zimmermann [1924], other carbohydrates including hexoscphosphates. 
The lactic acid in an aliquot portion of the final filtrate was estimated by the 
method of Friedemann, Gotonio and Shaffer. Results are expressed in mg. 
of lactic acid produced by 10 cc. of soluble muscle enzyme. Controls were 
always done in which no substrate was added as there proved to be always 
a small formation of lactic acid with no added substrate. These control 
figures were subtracted from those obtained with solutions to which substrate 
was added. In Exp. 1, Table VII, barium hexosediphosphate was used. In 
the other experiments in this table, the calcium salt was used. P.E. designates 
pancreatic extract. 

For Exp. 12 in Table VII, the water extracts of pancreas, takadiastase 
and malt diastase were made by extracting 2 g. of dry preparation with 
30 cc. water for 2 hours, filtering and neutralising. The saliva was diluted 
1 : 5. 

In some of the experiments in which glucose was used as a substrate, an 
activator prepared from yeast by the method of Meyerhof was added. 
Meyerhof has shown that the soluble muscle enzyme system has in large part 
lost the power of changing glucose to lactic acid. This power he shows to be 
restored when yeast activator is added. 

The effect of pancreatic extract on glycolysis in the soluble muscle enzyme 
system is seen from the results in Table VII to be as follows. (1) When 
starch is the substrate, inhibition is brought about; (2) when hexosediphos¬ 
phate is the substrate, inhibition is again brought about; but (3) when 
hexosemonophosphate or (4) glucose plus yeast activator are the substrates, 
no appreciable inhibition occurs. 

The fact that pancreatic extract inhibits glycolysis in the soluble muscle 
enzyme system not only when starch is the substrate but also when hexose¬ 
diphosphate is used, shows that the inhibiting factor does not act by pre¬ 
venting the formation of hexosediphosphate, because when hexosediphosphate 
is added to the system, inhibition still occurs. The weight of evidence seems 
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Table VII. 


No. of 

exp. Substrate 

1 Starch 

„ +PJ. 

Glucose 
„ + P.E. 

Hexosediphosphate 

„ 4-P.E. 


Mg. lactic acid 

per 10 cc. Inhibition 

muscle extract % 

27*3 

22-6 17 

4*9 

00 100 

16-6 

3 7 77 


Starch 

„ 4-P.E. 

Glucose 

„ 4-P.E. 

Hexosediphosphate 

„ 4-P.E. 


11*5 


8*2 

28 

2-5 


00 

100 

9*0 


00 

100 


3 Starch 

„ + P.E. 

Glucose 

„ 4- yeast activator 

„ 4- yeast activator 4* P.E. 

Hexosediphosphate 

„ +P.E. 

4 Starch 

„ 4-P.E. 

Hexosedi phosphate 

„ 4-P.E, 

5 Starch 

„ 4-P.E. 

Glucose 
„ + P.E. 

,, 4-yeast activator 

„ 4- yeast activator 4- P.E. 

Hexosediphosphate 

„ +P.E. 


10*0 


0*6 

91 

3*1 


7*2 


7*2 

0 

8*9 


3*5 

(50 

7 2 


0*9 

87 

24*4 


13*9 

44 

4 3 


0*0 

UK) 

0*7 


0*0 


3*3 


5*0 

0 

5 2 


00 

100 


0 Starch 

„ 4-P.E. 

Hexosediphosphate 

„ 4-P.E. 

Hexosemonophosphate 

„ + p.E. 

7 Hexosemonophosphate 

„ 4-P.E. 


11*3 


2*1 

81 

17*8 


8*8 

50 

20*5 


19*2 

0 

17*6 


19*3 

0 


8 


Starch 
M +P.E. 
Hexosediphosphate 

„ 4- P.E. 

Hexosemonophosphate 

fp 4* P.E, 


8*1 


1*8 

77 

18*9 


9*0 

52 

13*0 


13*5 

0 


9 Starch 

„ 4-P.E. 

Hexosediphosphate 

„ 4-P.E. 

Hexosemonophosphate 

»» 4-P.E. 


15*6 


8*6 

45 

17*6 


10*7 

39 

23*0 


22*7 

1 


10 Starch 

„ 4- P.E. 

Glucose 4- yeast activator 

„ 4* yeast activator 4- P.E. 

Hexosediphosphate 

» 4* P.E. 

Hexosemonophosphate 

„ 4-P.E. 


27 


0*7 

74 

8*8 


9*7 

0 

6*0 

1*8 

70 

17*3 


149 

13 
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Mg. lactic acid 
per 10 cc. 

Inhibition 

Substrate 

muscle extract 

o/ 

7o 

Starch 

16-6 


„ -kP.E. 

7-0 

58 

„ 4 - yeast activator 

12*4 


„ 4- yeast activator 4- P.E. 

7*6 

38 

Hexosedi phospha te 

0*4 


+ P.E. 

10 

84 

,, + yeast activator 

110 


,, 4- yeast activator + P. E. 

0*0 

100 

Hexosernonophosphate 

13*3 


„ + P.E. 

15*8 

0 

Starch 

14-9 


*f P.E. (lt.G. and B.) 

0-0 

100 

4 P.E. (water) 

0*0 

1 (K) 

+ takadiastase 

2*3 

84 

4 malt diastase 

0*0 

100 

„ 4-saliva 

11*9 

20 

Hexosediphosphate 

18*9 


4*P.E. (R.G. and B.) 

5*3 

72 

+ P.E. (water) 

0*0 

300 

4- takadiastase 

1*3 

93 

4- malt diastase 

2*5 

80 

-f saliva 

5*4 

71 


how, however, to point to hexosernonophosphate as being the normal pre¬ 
cursor of lactic acid in muscle [Embden and Zimmermann, 1927; Meyerhof 
and Lohmann, 1927; Pryde and Waters, 1927]. Table VII shows that when 
hexosernonophosphate is added to the soluble muscle enzyme system, pan¬ 
creatic extract no longer causes an inhibition in the formation of lactic acid. 
This observation is compatible with MeCullagh \s theory that the inhibiting 
power of the pancreatic extract is due to the prevention of esterification. 
When a substrate like glycogen is used from which hexosephosphate must be 
synthesised, the pancreatic extract causes inhibition in the amount of lactic 
acid formed, but when monophosphate itself is used, in which case obviously 
no synthesis is required, pancreatic extract causes no inhibition in lactic acid 
formation. Case and MeCullagh showed that when glucose with yeast acti¬ 
vator was added to the muscle enzyme, pancreatic extract caused no inhibition 
in lactic acid formation. Our own results (Table VII) confirm this observa¬ 
tion. Meyerhof has shown that glucose with yeast activator and the muscle 
enzyme forms in part a labile hexosephosphate which is broken down to lactic 
acid. In other words, an esterification of glucose and phosphate must take 
place before lactic acid is formed. Case and MeCullagh believe esterification 
to be impossible in the presence of pancreatic extract, yet their results 
and our own show that pancreatic extract in no way inhibits the lactic acid 
formation (and hence, according to Meyerhof, the hexosephosphate formation) 
from glucose acted upon by the muscle enzyme in the presence of yeast 
activator. Case and MeCullagh state that since the inhibiting factor is 
amylase, and amylase does not act on glucose, no inhibition in lactic acid 
formation from glucose was to be expected. This deduction is difficult to 
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understand, because the function they have attributed to amylase, namely, 
the inhibition of esterification, is not one which it could exert on starch (its 
known substrate) since starch does not combine directly with phosphorus to 
make hexosephosphate. Meyerhof pictures that in the breakdown of starch 
there is first formed a labile hexose which then becomes esterified. It seems 
unlikely that the inhibiting factor would prevent esterification of this labile 
hexose from starch when it does not prevent esterification of glucose in the 
presence of its activator. It might appear at first sight possible that the 
yeast activator itself prevented the inhibiting action of pancreatic extract, 
but that such is not the case is clear from the results of Exp. 11, Table VII, 
where the addition of yeast activator to a muscle enzyme system acting on 
starch in the presence of pancreatic extract did not prevent the usual inhibi¬ 
tion by the pancreatic extract from taking place. In this experiment, yeast 
activator was also added to the muscle enzyme system in which hexosediphos- 
phate was the substrate. The inhibition produced by the pancreatic extract 
was not diminished by the presence of the activator. These observations led 
us to think that the inhibiting factor in the various extracts studied, while 
presumably amylase as Case and McOullagh believe, was not causing inhi¬ 
bition in lactic acid formation in muscle in the way they suggest, namely, 
by preventing esterification. McCullagh’s evidence for his theory that hexoso- 
phosphate cannot be formed in the presence of amylase is, " When the forma¬ 
tion of lactic acid was prevented by the use of the pancreatic factor, the total 
rediicing power after acid hydrolysis sufficient to break down starch but not 
hexosephosphate was not changed. The hexosephosphates differ from glucose 
in their reducing power—These results, therefore, suggested that hexose¬ 
phosphates were not being formed in the presence of pancreatic extract.” 
Ronzoni, Glaser and Barr show a large increase in the amount of free reducing 
substances in the presence of the pancreatic factor. This increase in free 
reducing sugars is much greater in the presence of pancreatic extract than in 
its absence. These two facts considered together, first, that there is no loss 
of total carbohydrate and second, that there is a very large increase in free 
sugar in the presence of the pancreatic extract, might, from one point of 
view, be considered as evidence that, after the breakdown of glycogen to free 
sugar, the pancreatic factor exerts its activity, preventing this free sugar 
from becoming esterified. Hence the free sugar accumulates and the total 
carbohydrate remains the same. These observations, however, can be equally 
well explained on the hypothesis suggested below. The second piece of evi¬ 
dence advanced by Case and McCullagh that the pancreatic factor prevents 
esterification is the fact that in the presence of the pancreatic factor, inorganic 
phosphorus does not disappear, but in fact increases, whereas in a muscle 
enzyme system free from pancreatic extract, inorganic phosphorus decreases, 
pointing to the formation of a hexosephosphate. We consider that this evi¬ 
dence does not prove that the inhibiting power of pancreatic extract is due 
to the prevention of esterification of hexose and phosphate. We suggest that 
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a simpler explanation of the experimental observations can be based on the 
well-known fact that amylase breaks down starch to maltose. Meyerhof has 
shown that maltose yields only a very small amount of lactic acid when acted 
upon by the muscle enzyme system. Hence, the effect to be expected on 
adding pancreatic extract to a muscle enzyme system acting on starch would 
be a decreased lactic acid formation. Embden and Haymann [1924] have 
shown that maltose when added to muscle does not increase the formation of 
hexosephosphate; in other words, maltose will not link up with inorganic 
phosphorus in the presence of the muscle enzyme to form a hexosephosphate. 
This means, then, that in the presence of the pancreatic extract there would 
be no appreciable change in total free carbohydrates because no appreciable 
amounts of lactic acid or of hexosephosphate were being formed. But there 
would be a large increase in free sugar because starch was being broken down 
to maltose. In the uninhibited muscle system, starch is broken down to a 
labile hexose which is quickly esterified so that there is little increase in free 
sugar. Again, let us examine the inorganic phosphorus results of Case and 
McCullagh and Ronzoni, Glaser and Barr. In the uninhibited muscle system 
the amount of inorganic phosphate is reduced because hexosephosphate is 
built up more quickly than it is broken down. In the presence of pancreatic 
extract, inorganic phosphate does not disappear because maltose, which the 
amylase has formed from starch, does not link up with phosphorus to form 
hexosephosphate. In this manner, the results obtained by Case and McCullagh, 
Ronzoni, Glaser and Barr, and ourselves can be explained without assuming 
any unknown action of amylase on starch. Also this explanation, unlike that 
of McCullagh, is compatible with the results obtained with glucose and yeast 
activator. 

Our results have shown that the production of lactic acid from hexose- 
diphosphate is also inhibited by the pancreatic factor. Is this inhibition, like 
that of the starch, also due to amylase? Exp. 12, Table VII, shows the 
results of an attempt to find out whether the inhibition of lactic acid forma¬ 
tion from these two substances was caused by the same factor. Several 
different amylase preparations were used and their effects on the glycolysis 
of starch and hexosediphosphate are in the main roughly parallel, so that, 
unless another factor were present in the various extracts in about the same 
proportion as amylase, the inhibition of the glycolysis of hexosediphosphate 
appears to be due to the same factor that causes the inhibition of the glycolysis 
of starch. 

At present we cannot explain the mechanism by which pancreatic extract 
causes an inhibition in lactic acid formation from hexosediphosphate. 

Several of Ronzoni, Glaser and Barr’s experimental facts can be inter¬ 
preted from our own results. They found, as did Foster and Woodrow, that 
with muscle itself, the pancreatic extract caused only 40-60 % inhibition. 
Ronzoni, Glaser and Barr show’ that this cannot wholly be explained by 
insufficient permeation of the muscle by the pancreatic extract and assume 
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that the incomplete inhibition is due to the presence of some preformed 
precursor of lactic acid. The precursor of lactic acid in muscle has been shown 
by various workers already quoted to be hexosemonophosphate. Our results 
show that hexosemonophosphate is not inhibited by the pancreatic extract 
and hence the incomplete inhibition obtained when pancreatic extract acted 
on muscle can be explained. Again, Ronzoni, Glaser and Barr give experiments 
in which the muscle enzyme system was for a time allowed to form hexose- 
phosphate and then the inhibiting factor was added. After incubation, there 
was found to be some lactic acid formed in spite of the presence of the in¬ 
hibitor. They explain that this is from the hexosephosphate formed before 
the inhibitor was added. This again fits in with our results in which the 
glycolysis of hexosemonophosphate is not inhibited by pancreatic extract. 
We suggest that what happens in the muscle enzyme system under various 
conditions is as follows: 

Starch Hexosemonophosphate -> Lactic acid 
4- Pancreatic factor inhibits by forming 
Maltose 

H exosediphosphate —> Lactic acid 
4 Pancreatic extract inhibits possibly by forming 
Free phosphate and a hexose not acted upon by muscle 
Hexosemonophosphate Lactic acid 
I Pancreatic extract has no effect 
Glucose H- yeast activator Hexosemonophosphate -v Lactic acid 
4 Pancreatic extract has no effect 

It is impossible at the moment to fit the cancer system into this scheme, 
as, in cancer, glucose glycolysis is inhibited by the pancreatic factor; also in 
muscle, glucose goes through a phosphate stage and in cancer it probably 
does not. It must be borne in mind, however, that in the muscle experiments 
an extract is used, while in the cancer experiments a slice of tissue is used. 
We are, however, able to say that in glycolysis by cancer tissue the pancreatic 
factor does not inhibit the formation of lactic acid by preventing the formation 
of hexosephosphates since the cancer tissue is unable to utilise such compounds 
when added. 

The results obtained with cancer tissue indicate that the processes leading 
to the formation of lactic acid by cancer tissue are less complex than those 
'in muscle. Muscle can form lactic acid not only from glucose but also from 
starch, hexosediphosphate and hexosemonophosphate, whereas cancer can 
use none of these substances except glucose as a source of lactic acid. 
Meyerhof has shown that the different stages of glycolysis in muscle are 
brought about by different enzymes. Our results indicate that cancer tissue 
contains an enzyme for glycolysing glucose but no enzymes for glycolysing 
starch and the hexosephosphates. The mechanism in cancer tissue by which 
glucose is changed to lactic acid is, according to our results, different from 
that in muscle. In the latter, glucose goes through a hexosephosphate stage 
before lactic acid is formed, whereas in cancer the evidence is against the 
intermediate formation of a hexosephosphate in the production of lactic acid 
from glucose. 
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Summary. 

1. The aerobic and anaerobic glycolysis of cancer tissue is inhibited by 
pancreatic extract. 

2. Other amylase-containing extracts made from malt diastase, taka- 
diastase and salivary gland also inhibit glycolysis in cancer tissue. 

3. Cancer tissue is unable to form lactic acid from hexosediphosphate or 
hexosemonophosphate. 

4. In the soluble muscle enzyme system, the production of lactic acid 
from hexosediphosphate is inhibited by pancreatic extract, while the pro¬ 
duction of lactic acid from hexosemonophosphate' is not inhibited by pan¬ 
creatic extract. 

We are indebted to the Yorkshire Cancer Research Fund for the expenses 
incurred in carrying out this work. 
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Introduction. 

The present paper contains an account of work carried out to determine, with 
a greater degree of precision than has been hitherto possible, whether or no 
there is any change in the number of free amino- and carboxyl groups in the 
protein on denaturation. 

Let us first consider the work carried out by P. S. Lewis [1927] in this 
laboratory in which he determined the number of free carboxyl and amino- 
groups in haemoglobin before and after denaturation. His method was to add 
a known amount of standard acid or alkali to a definite volume of protein 
solution of known strength, and then to measure the p n . The p n was then 
plotted against the amount of acid or alkali added, for denatured and unde¬ 
natured protein respectively. He found that the curves were identical, and 
so concluded that there was no change in the number of free amino- and 
carboxyl groups as a consequence of denaturation. However, in the light of 
later work by Cubin [1929], also in this laboratory, on denaturation at low 
temperatures and low p H values, it appears that the concentration of acid in 
most of P. S. Lewis's experiments was sufficient to denature the haemoglobin 
during the time taken in carrying out the titration process itself. Thus from 
Cubin’s results of the rate of denaturation at 25°, the temperature at which 
P. S. Lewis performed his titrations, it is found that denaturation takes place 
below p u 4*0 almost instantaneously. The titration curve obtained by 
P. S. Lewis depends on eight points, three of which are above p u 4 and five 
below. The titration is complete at a p n of about 2*2. Hence we must conclude 
that in his measurements the amount of acid added for complete titration 
(obtained from the more acid end of the curve) was the same because he was 
in each case dealing with denatured protein. This fact has been confirmed by 
the writer in the following way. A haemoglobin solution of the strength used 
by P. S. Lewis was kept at 25° in the same quantity of 0*096 N acid and for 
the same length of time as employed by him. The solution was rapidly cooled 
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to 0°. By addition of ammonia the p n was adjusted to the isoelectric point 
when the protein flocculated. Hence the titration curves obtained by P. S. 
Lewis below p H 4 (the most important region) were identical beca use he was 
in each case inadvertently titrating denatured material. 

In the case of his alkali titrations it is not possible to speak with such 
certainty. Assuming, however, that the action of alkali at a certain distance 
on one side of the neutrality point is just as great as that of acid at the same 
distance on the other side (certainly true for p n values close to the neutrality 
point), we infer that over part of the titration range the material was denatured 
in both cases. It is only fair to this investigator to point out that this criticism 
of his titration conditions only becomes possible in the light of the later work 
by Cubin. 

As regards the chemical nature of denaturation several possibilities, 
plausible on general grounds, have been criticised on the score that they would 
involve a change in the number of free carboxyl and amino-groups in the 
protein molecule on denaturation. Hence it is obviously of considerable im¬ 
portance to attempt to determine whether this change does or does not occur. 
The only means of doing this for haemoglobin would be by working at sufficiently 
low temperatures. The lowest temperature at which it would be possible to 
work is 0°, and the writer has calculated the values of the velocity constants 
of denaturation of haemoglobin at this temperature over the significant range, 
viz. p l{ < 4, assuming the critical increment 11,000 calories obtained by Cubin 
for 18° to 25° to be valid for the range 18° to 0°. It is found that the amounts 
of acid used are sufficient rapidly to denature the protein at this temperature 
during the time of the experiment. Thus at p n 3-5. C ) % of the haemoglobin 
would be denatured in ten minutes, whilst at p n 3-0 denaturation is practically 
instantaneous. 

It appears possible that another protein, egg-albumin, might be a more 
suitable material to use in these experiments, in view of the fact that de¬ 
naturation in the acid region is much less easily brought about than it is in the 
case of haemoglobin. Accordingly the writer has carried out these titrations 
using crystallised egg-albumin. The egg-albumin was prepared by the method 
of Hopkins and Pinkus as modified by Sorensen [1917]. The estimation of the 
albumin content was made by the method of Devoto as given by Hopkins 
[1900]. 

Titration of egg-albumin with acid. 

The method employed in these experiments was that used by Harris [1923, 
2, 3; 1924] for the titration of various amino-acids and complex electrolytes, 
and adopted by P. S. Lewis [1927] for haemoglobin. 

The method is to determine the p u reached when a known volume of 
standard acid is added to a definite volume of protein solution of known 
strength. A series of readings is taken, corresponding to the addition of 
varying volumes of the acid. Thus a curve can be plotted of p n attained against 
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volume of acid added. In a similar way a curve can be obtained of the p n 
attained by the solvent against volume of acid added. This serves as a blank 
correction curve. Subtracting the volume of acid required to bring the solvent 
to a certain p H from that required to bring both solvent and protein to this 
p B , one obtains the volume of acid combined with the protein. The curve 
obtained by plotting p R against acid combined with protein at a series of p B 
values is asymptotic to the p H axis when sufficient acid has been added to 
complete the titration. Experiments of this nature were performed using 
undenatured and denatured egg-albumin respectively. The titration in each 
case starts from the neutrality point of water. 

All measurements were carried out in a thermostat regulated to 25°. In 
order to guard against denaturation as a result of prolonged exposure to acid, 
each point on the curve was obtained as the result of a separate experiment. 
Each result shown is the mean value of several (generally four) readings. The 
denaturation w~as performed by warming the solution (at p B 6*99 in order to 
prevent change of p H due to hydrolytic scissions [cf. P. S. Lewis, 1926]) in 
a corked flask in the steam of a briskly boiling water-bath. After denaturation 
was complete the cooled flask was tilted in order to collect the moisture which 
had condensed on the sides of the vessel. 

The p B was determined by the quinhydrone electrode, following the tech¬ 
nique of Corran and Lewis [1924], the cell employed being of the type: 

Gold foil I Solution under test saturated , Saturated KC1 i Normal KC1 saturated | Mercun 
I with quinhydrone ! ; with calomel I 

The solution used contained 1 g. of egg-albumin and 0*203 g. of ammonium 
sulphate per 100 cc. The blank solution contained 0*203 g. of ammonium 
sulphate per 100 cc. The acid used for titration was 0*0905 N sulphuric acid. 

The p B readings are accurate to p H 0*01, and the titres to 0*005 cc. 

The following are the results obtained (Tables I, II, III and Fig. 1). 

Table I. Titration of 10 cc . 1 °j 0 egg-albumin with 0-0905 N 


sulphuric acid at 25°. 


Acid added to 

10 cc. solution 

Mean p H 
of blank 

Mean y? H 

Mean p a 

cc. 

undenatured 

denatured 

0-00 

6*96 

6*94 

6*95 

0-05 

4*04 

— 

_ 

010 

3*41 

5*68 

5*69 

0-20 

3*04 

4*78 

4*76 

0-30 

2*79 

4*12 

4*13 

0*50 

2*60 

3*51 

3*53 

0-75 

2*42 

3*08 

3*10 

1-00 

2*27 

2*72 

2*71 

1*50 

213 

2*33 

2*33 


Titration of egg-albumin with alkali. 

The method employed in this section was the formaldehyde method of 
Sorensen [1907] for the titration of amino-acids. Normally the titration with 
alkali has to be carried to a very alkaline end-point in order to obtain complete 
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titration. The addition of a certain amount of formaldehyde before titration 
enhances the acidic nature of the protein, and titration is complete at a much 
lower Harris [1924] attributes this to the combination of the amino-acids 
with the formaldehyde to give methylene-imino-derivatives. As an alternative 
to formaldehyde a fairly concentrated solution of alcohol can be used in order 
to enhance the acidic nature of the protein. Owing to the fact that alcohol acts 
as a powerful denaturing agent this method cannot be adopted here. 


Table II, Corrected litres for undenatured egg-albumin. 


Ph 

Titre (cc.) 

Blank (cc.) 

Corrected titre 

(>•94 

000 

0-00 

0-00 

508 

010 

0-008 

0 092 

4-78 

0-20 

0020 

0-174 

412 

0-30 

0-048 

0 252 

3 51 

0-50 

0-092 

0-408 

308 

0-75 

0-183 

0-507 

2-72 

1-00 

0-303 

0-037 

2-33 

1-50 

0*800 

0-040 


Table III. 

Corrected litres for 

denatured 

egg-albumin . 

Ph 

Titre (cc.) 

Blank (cc.) 

Corrected titre 

0*95 

0-00 

0-00 

000 

5-09 

0-10 

04M>8 

0-092 

4-70 

0-20 

0*020 

0-174 

4-13 

0-30 

0-047 

0-253 

3-53 

0-50 

0-090 

0-410 

3-10 

0-75 

0-177 

0*573 

2*71 

1 -(H) 

0-305 

0-035 

2-33 

J -50 

0-800 

0-040 



cc. of 0*0905 N H a S0 4 
Fig. 1. Titration of egg-albumin with acid. 

Curve 1, titration of solvent alone. 

Curve 2, titration of undenatured and denatured albumin. 

Curve 3, corrected titre for undenatured and denatured albumin. 

Bioohem, 1930 xxiv 
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It is known that in the presence of ammonium salts formaldehyde forms 
a mixture of methylamines, producing at the same time acids [Werner, 1917]. 
Thus with ammonium sulphate we get: 

4CH 2 0 + (NH 4 ) 2 S0 4 -> 2CH 3 .NH 2 + 2H.COOH + H 2 S0 4 
2CH 2 0 4- CH 3 .NH 2 ^ (CH 3 ) 2 .NH+ H.COOH 

etc. 

Hence it is not possible accurately to perform formaldehyde titrations in the 
presence of ammonium salts. In the present case it is not feasible to dialyse 
sufficiently long to remove all the ammonium salts. Although realising that 
true titration curves cannot be obtained by this method, the writer has per¬ 
formed the titration experiments to see if any noticeable difference in results 
occurred when using denatured in place of undenatured albumin. 

In order to perform the titrations it is necessary to determine the p n of 
a solution containing protein, salt, and formaldehyde when varying amounts 
of alkali are added. In order to guard against denaturation by alkali a fresh 
solution was made up before each reading. The glass electrode [Kerridge, 1925] 
was employed for measuring the p n . If e x and c 2 are the e.m.f. measured using 
standard solution and solution of unknown p B respectively, then 

p n = 3-97 + . 

In general the results are accurate to 0*02-0*03 p B . The titres are accurate 
to 0*005 cc. 

By titrating against the solvent alone (i.e. water, ammonium sulphate and 
formaldehyde) a blank correction curve was obtained. Hence, by subtraction, 
the volume of alkali required to bring the protein to a definite p n can be 
obtained. The results are given in Tables IV, V and VI, and the accompanying 
curves (Fig. 2) drawn from them. 

Table IV. Titration by 01357 N sodium hydroxide of 15 cc. of solution prepared 
from 10 cc. of 1 °/ 0 egg-albumin (initial 7-0S), and 5 cc. of formaldehyde 

solution (initial p H 7-07). 


Alkali added 

Mean 

Mean p u 

Mean 

(cc.) 

of blank 

undenatured 

denatured 

000 

4-87 

4-87 

4*89 

0-20 

5-3U 

_ 


0*30 

5*54 

4*98 

4*97 

0*50 

5*68 

507 

5*06 

0-75 

5*91 

__ 


080 

— 

5*43 

5*41 

1-00 

6*33 

500 

5*70 

1*50 

7*49 

014 

613 


It will be observed that the actual p B range covered in these titrations with 
alkali is 4-87 to 6-14, in spite of the fact that the separate solutions of formal¬ 
dehyde and protein are initially at p B 7-08. The acidity produced is due to 
interaction of formaldehyde with ammonium salt as already explained. 
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Table V. Corrected litres for undenatured egg-albumin. 


Pll 

Titre (cc.) 

Blank (cc.) 

Corrected titre 

4-87 

0*00 

0*00 

0*00 

4-98 

0*30 

0*045 

0*255 

13*07 

0*50 

0-080 

0*420 

5*43 

0*80 

0*230 

0*570 

5(56 

1*00 

0*450 

0*550 

6* 14 

1*50 

0*890 

0*610 


Table VI. 

Corrected, litres far 

denatured 

egg-albumin. 

Pn 

Titre (cc.) 

Blank (cc.) 

Corrected titre 

4*89 

0*00 

0*00 

0*00 

4*97 

0*30 

0*045 

0*255 

5*06 

0*50 

0*075 

0425 

5*41 

0*80 

0*220 

0*580 

5*70 

1*00 

0*510 

0*490 

6*13 

1*50 

0*885 

0*615 



Curve 1, titration of solvent alone. 

Curve 2, titration of undenatured and denatured albumin. 

Curve 3, corrected titre for undenatured and denatured albumin. 


Discussion. 

Reviewing the above results we see that both in the ease of acid and alkali 
titrations there is no appreciable difference in behaviour between imdenatured 
and denatured egg-albumin. Such small differences as are manifest are attri¬ 
butable to experimental error. The question naturally arises whether the 
amount of acid or alkali added for titration was sufficient to denature the 
egg-albumin. In the case of acid titrations it can be quite definitely stated that 
this was not the case. At a temperature of 25° denaturation only proceeds at 
an appreciable rate when the p R of the solution is below 1*75. Thus at p R 1*72, 
1-6 % is denatured in 2 hours, and at p R 1*02 less than 10 % in 100 minutes. 
In the above experiments the titration curve becomes approximately asymp¬ 
totic to the p R axis when a p R of 2*75 is reached. Hence there is no chance 
of appreciable denaturation occurring during the few minutes required for 
taking the reading. 


11—2 
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In the case of titrations with alkali it is unlikely that any denaturation 
occurred as the p H only alters from 4*9 to 6*15, in which region the protein is 
stable until a temperature considerably higher than 25° is reached. However 
the system here is very complex and it is not definitely known to what extent 
formaldehyde, formic acid, and the other reaction products present may bring 
about denaturation, and consequently it is not possible to speak with the same 
certainty. 

Harris [1923, 1] states that he finds no evidence of any increase in the 
titration figure on denaturation, but gives no indication of how he arrived at 
such a conclusion. The writer’s results agree, however, with this statement. 
More recently Hendrix and Wilson [1928] performed titration experiments on 
uncoagulated and heat-coagulated egg-albumin, and found that the uncoagu¬ 
lated protein combined with more acid and alkali than did the coagulated 
protein. Although their results appear to have been accurately performed it 
seems probable that their coagulated protein had been subjected to rather 
more severe treatment than simple denaturation followed by flocculation. In 
the first place they heated the protein at the isoelectric point, at which p n 
hydrolytic scissions are known to accompany the denaturation process; an 
alteration in p lx will be observed due to this. Secondly they heat it in steam 
for half an hour, which seems to be an unnecessarily prolonged treatment at 
a p n as low as 4*7. And thirdly they allow it to stand overnight before per¬ 
forming the titration experiments, thus allowing possible further decomposition 
of the protein, -with a corresponding alteration in tit ratability. The writer 
considers these remarks to be justified by the fact that when Hendrix and 
Wilson subjected the egg-albumin to still more severe treatment, by washing 
with alcohol, drying in an oven at 60°, and pulverising, a still smaller ability 
to combine with acid and alkali was found. It is concluded that Hendrix and 
Wilson’s results do not really bear upon the problem of simple denaturation. 

The number of “free” titratable basic and acidic groups. 

By the term “free” is meant the free amino- and carboxyl groups only in 
the protein molecule. From the titration curves it is calculated, assuming the 
molecular weight of egg-albumin to be 43,000 [Marrack and Hewitt, 1929], 
that the egg-albumin molecule contains 25*3 groups titratable by acid, and 
36*5 titratable by alkali. It follows from the results of Osborne, Jones and 
Leavenworth [1909] that the following titratable amino-groups are present in 
egg-albumin: 

histidine ... 11*0 x 10~ 5 mols.l 

arginine ... 28*2 x 10~ 6 mols. \ per g. albumin. 

lysine . 25*7 x 'L0~ 6 mols.J 

These values are calculated from the number of total nitrogen atoms, on the 
basis that one half of the total lysine-nitrogen, one third of the histidine- 
nitrogen, and one quarter of the arginine-nitrogen will be titratable. Hence 
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1 g. of egg-albumin contains 64-9 x 10 5 titratable amino-groups, or 27-8 
titratable groups per molecule. This agrees reasonably well with the writer’s 
titration value of 25-3 for titration with acid. Incidentally the number obtained 
by titration is not necessarily a limiting value even for free amino-groups. 

Further, from the results of P. S. Lewis [1927J it can be calculated, assuming 
a molecular weight of 68,000 for haemoglobin [Adair, 1925], that there are 
97-6 groups titratable by acid. From results by Van Slyke [1911] on the 
amount of histidine, arginine, and lysine present it follows that we should 
expect 99-3 titratable groups to be present. Thus in the case of both proteins 
we have good agreement between the calculated and “found” number of free 
groups titratable by acid. Owing to the absence of data with regard to the 
amounts of the various dicarboxvlic acids present in egg-albumin and haemo¬ 
globin it has not been possible to compare the number of carboxyl groups with 
the number of groups titratable by alkali or by acid, the latter being a possibility 
on the zwitterion basis. 



cc. of 0-0905 ,V II.SOj 
Fig. 3. 

Curve 1, titration of undenatured albumin. 

Curve 2, titration of denatured albumin. 

a, a, limits of error. 6, 6, position of curve for one extra titratable group. 

The question now arises as to whether an increase or diminution of a very 
small number, say one, amino- or carboxyl group would be detected in the 
titration experiments in the case of egg-albumin. Let us consider the more 
accurate series of results, namely those involving titration with acid. The 
latter portion of the titration curve is plotted on the accompanying graph 
(Fig. 3) on a large scale, together with the limits of experimental error, and the 
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position of the end-point if one group more were present. From this graph it 
will be clearly seen that a change of one group titratable by acid would be 
detected by a perceptible alteration in the titration curve. Hence it can be 
definitely stated that no change in acid titratability accompanies denaturation. 

The possible interpretation of the titration values. 

Denaturation may be accompanied by a transition of the protein in part 
at least from the “ ordinary” form into the zwitterion form. Such a hypothesis 
would at least be in agreement with the ease with which denatured material 
is flocculated. It is realised of course that zwitterion formation if it occurs is 
inadequate in itself to explain denaturation. Thus it does not explain the 
irreversibility of the process, and the high critical increment. 

On the basis of the zwitterion theory, titration with acid involves a forma¬ 
tion of un-ionised COOH groups thus: 

—COO- + H+ -* —COOH. 

Thus titration with acid is titration of —COO" groups, and in a similar way 
titration with alkali is titration of charged amino-groups - - NH 8 1 . However, 
any transition into the zwitterion form on denaturation if such occurs will not 
be revealed in the titration experiments for the following reason. 

Let us suppose for the sake of clarity that prior to denaturation all the 
amino- and carboxyl groups are present in the “ordinary" un-ionised form at 
the isoelectric point, and that we have 25 —NH 2 groups and 36 —COOH 
groups. Suppose that on denaturation some number not greater than 25, let 
us say arbitrarily 5 amino-groups, change over into the —NH a f form. In order 
that zwitterions may be formed this must be accompanied by a change of 
5 carboxyl groups into the form —COO". Hence we now have 20 — NH 2 and 
5 —COO" groups titratable by acid. This is a total of 25 as was the case before 
denaturation, and hence we should not expect to find any difference in the 
acid titration curves before and after denaturation. In a similar way we have 
36 —COOH groups titratable by alkali before denaturation, and 31 —COOH 
plus 5 —NH 3 h groups titratable afterwards, so that again no difference in 
titration curves would be expected. This conclusion would hold even if the 
whole 25 NH 2 groups changed into the zwitterion form together, necessarily, 
with 25 COOH groups. Obviously this represents the maximum number of 
zwitterions that could possibly be formed in the case considered. Actually 
the case of titration by alkali is -somewhat complicated by the presence of 
formaldehyde. The function of the formaldehyde is to combine with the basic 
group of the amino-acid (see equation (2) p. 167). 

Harris [1929] has pointed out that on the old (as opposed to the zwitterion) 
view the apparent basic dissociation constant remains unchanged on addition 
of formaldehyde, while the apparent acidic dissociation constant increases, 
and that this effect is anomalous, as combination with the basic group should 
affect the basic constant. According to the new (or zwitterion) view the 



DENATURATION OF PROTEINS 


167 


apparent basic constant relates in actuality to the true acidic constant, and 
vice versa . Hence addition of formaldehyde causes a diminution of the true 
basic constant and leaves the true acidic constant unchanged. Thus the effect 
of formaldehyde no longer appears anomalous, and Harris cites this as 
evidence in favour of the zwitterion theory for amino-acids. 

In the case of every amino-acid which is present to any extent in the 
zwitterion form there is an equilibrium between the absolutely un-ionised 
form and the zwitterion form: 

NH 2 . R . COOH 5 =*: +NH,. R. COO- .( 1 ). 

On addition of formaldehyde the —NH 2 group reacts with it, while the + NH 3 
does not. 

NH 2 . R . COOH + H . CHO ^ CH 2 : N. R . COOH .( 2 ). 

Thus, provided the dissociation constant of the group CH 2 : N— is lower than 
that of —NH 2 , the addition of formaldehyde will lower the true basic disso¬ 
ciation constant of the amino-acid. The presence of the equilibrium ( 2 ) will 
naturally decrease the amount of zwitterion present in the solution, by moving 
the equilibrium (1) from right to left. For a given amount of formaldehyde 
added there will be a certain proportion of zwittcrions, un-ionised amino-acid, 
and iinino-compound. Addition of NaOH to this system wi 11 cause tw r o reactions 
to take place simultaneously: 

CH a : N . R . COOH + NaOH - CH 2 : N . R . COO- f Na+ + H 2 0.(3), 


+NH 3 . R . COO- + NaOH -> NH a . R . COO- + Na+ I- II 2 0 .(4). 

The latter will of course be followed by 
NH 2 . R . COO- + H . CHO -* CH 2 : N . R . COO + H 2 0 .(4a), 


We see that by either of the reactions (3), or (4) and (4a) (taken together), w r e 
arrive at the same system on addition of a certain amount of alkali. Hence 
the p H attained by addition of a given amount of alkali will not be altered by 
the initial presence of a larger (or smaller) proportion of the zwitterion form. 
Hence we should not expect any difference in the alkali titration curves even 
if the denatured protein does exist in the zwitterion form to a greater extent 
than does the undenatured protein. To demonstrate the actual formation of 
zwitterions if such occurs in the act of denaturation will require a different 
type of experimental test. 


Summary. 

1 . It is shown that the titration experiments of P. S. Lewis with haemo¬ 
globin do not actually demonstrate that the titratability of undenatured and 
denatured proteins is the same, owing to the fact that the haemoglobin under¬ 
goes denaturation during the titration for all p B values less than 4 and greater 
than 10. The present investigation is concerned with crystallised egg-albumin 
which can be titrated in the undenatured state owing to the relative slowness of 
denaturation even at p H 1, and 25°. 
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2 . Titration experiments with acid using the quinhydrone electrode, and 
with alkali using the glass electrode, have been carried out. It is found that 
in neither case does heat denaturation affect the number of titratable groups. 
It is shown that a change of one titratable group (if such change occurred) 
would be well beyond the limits of experimental error. 

3. Using the value 43,000 obtained by Marrack and Hewitt for the mole¬ 
cular weight of egg-albumin, it is calculated that there are at least 25 groups 
“ easily ” titratable with acid and 36 similar groups titratable with alkali. The 
number of free amino-groups found by analysis is 27, which agrees with the 
writer’s acid titration values. 

4. It is shown that, if zwitterion formation does accompany denaturation, 
such a change cannot be detected by any alteration in titratability of the 
protein. 

This investigation was carried out under the direction of Prof. W. C. M. 
Lewis, F.R.S. The author wishes to acknowledge a grant made by Imperial 
Chemical Industries, Ltd. to the Department of Physical Chemistry of the 
University of Liverpool. 
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XXII. LACTIC ACID FORMATION IN 
MUSCLE EXTRACTS. 

V. A COMPARISON BETWEEN SOLUBLE STARCH AND 
GLYCOGEN IN RESPECT OF LACTIC ACID FORMATION 
AND PHOSPHORIC ESTER ACCUMULATION. 

By DAVID STIVEN (Carnegie Teaching Fellow). 

From the Physiology Department , University College , Dundee , 
University of St Andrews. 

(Received November 29th, 1929.) 

In a previous paper [Stiven, 1929] glucose and glycogen were used in investi¬ 
gations similar to those described in this paper. It was found in these experi¬ 
ments that, with the phosphate-bicarbonate extracts of cat muscle prepared 
in this laboratory, glucose differed from glycogen in showing practically no 
phosphoric ester accumulation while at the same time showing in general more 
extensive formation of lactic acid at the end of 2 hours’ incubation. The 
experiments reported in this paper have been made to compare soluble starch 
and glycogen with regard to lactic acid formation and phosphoric ester 
accumulation. 

Results. 

In a previous paper [Stiven, 1928] will be found the details of the method 
of preparing the extract from perfused cat muscle and of the manner of 
incubation. The “inorganic” phosphorus, which, as estimated by the method 
of Fiske and Subbarow [1925], includes the phosphorus of phosphagen along 
with the true inorganic phosphorus, was determined at the intervals shown in 
the tables. The lactic acid was estimated by the method of Friedemann, 
Cotonio and Shaffer [1927] at the same intervals. The soluble starch used was 
supplied by British Drug Houses and yielded on hydrolysis 89 % of its weight 
of glucose. A correction was made for this in making up the stock 10 % solution 
to be added to the extract and a similar procedure was adopted with the 
glycogen. Thus the concentration of soluble starch in the extract was made 
comparable with that of the glycogen on the basis of the yield of glucose on 
hydrolysis. 

In six of the eight experiments recorded, the yields of lactic acid from 
soluble starch and glycogen respectively, at the end of 2 hours’ incubation, 
are much alike. In No. 260, starch has given rise to less lactic acid than glycogen 
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Table I. Lactic acid formation from glycogen and, soluble starch 
both present to 0-5 °j 0 . 


(Average concentration of lactic acid at start 250 mg. per 100 cc.) 

Lactic acid formed (mg. per 100 cc.) in 




10 

20 

30 

40 

50 

60 

90 

120 


Exp. 

min. 

min. 

min. 

min. 

min. 

min. 

min. 

min. 

258 

Glycogen 

68 

126 

178 

228 

275 

309 

342 

357 


Soluble starch 

59 

116 

154 

202 

250 

284 

— 

356 

200 

Glycogen 

87 

127 

159 

183 

207 

229 

260 

200 


Soluble starch 

63 

108 

140 

159 

171 

178 

186 

390 

261 

Glycogen 

46 

101 

139 

154 

175 

192 

259 

301 


Soluble starch 

43 

72 

105 

136 

173 

199 

266 

302 

262 

Glycogen 

54 

90 

125 

161 

194 

216 

250 

252 


Soluble starch 

26 

50 

77 

106 

135 

163 

284 

304 

203 

Glycogen 

36 

72 

107 

134 

150 

160 

189 

220 


Soluble starch 

18 

37 

60 

82 

103 

120 

168 

219 

267 

Glycogon 

49 

75 

86 

no 

126 

140 

172 

200 


Soluble starch 

26 

53 

77 

99 

120 

138 

192 

218 

268 

Glycogen 

54 

73 

88 

127 

143 

162 

195 

216 


Soluble starch 

34 

54 

82 

107 

131 

158 

188 

194 

272 

Glycogen 

56 

98 

123 

169 

208 

237 

309 

331 


Soluble starch 

41 

72 

104 

135 

167 

196 

268 

336 


Table II. Phosphoric ester accumulation with soluble starch and 
glycogen both present to 0 5 °/ 0 . 


(Average concentration of “inorganic” phosphorus at start 55 mg. per 100 cc.) 





Decrease of 

“inorganic” phosphorus (mg. per 100 cc.) 
below initial concentration at 




10 

20 

30 

40 

50 

60 

90 

m 


Exp. 

min. 

min. 

min. 

min. 

min. 

min. 

min. 

min. 

258 

Glycogen 

16 

G 

8 

14 

27 

24 

7 

0 


Soluble starch 

6 

4 

4 

4 

4 

4 

4 

0 

260 

Glycogon 

27 

38 

32 

24 

15 

5 

0 

0 


Soluble starch 

11 

5 

0 

0 

0 

0 

0 

0 

261 

Glycogen 

11 

20 

44 

46 

40 

31 

7 

0 


Solnblo starch 

2 

4 

6 

8 

10 

10 

20 

16 

262 

Glycogon 

6 

4 

3 

3 

c> 

1 

0 

o 


Soluble starch 

2 

0 

0 

0 

0 

0 

0 

0 

263 

Glycogen 

5 

7 

9 

15 

18 

33 

28 

15 


Soluble starch 

0 

0 

0 

0 

0 

0 

0 

17 

267 

Glycogen 

44 

53 

47 

42 

35 

30 

15 

3 


Soluble starch 

1 

0 

0 

0 

0 

0 

15 

16 

268 

Glycogen 

39 

41 

32 

24 

15 

7 

0 

o 


Soluble starch 

2 

0 

0 

0 

0 

6 

13 

4 

272 

Glycogen 

13 

25 

32 

37 

31 

22 

0 

o 


Soluble starch 

3 

4 

6 

4 

3 

3 

5 

0 


but this is reversed in No. 262. By following the lactic acid production during 
the first hour, it will be seen that in every ease during the first 40 to 50 minutes 
the rate of lactic acid production is less with soluble starch than with glycogen. 
This more rapid formation of lactic acid from glycogen is associated, as will 
be Been from Table II, with the more rapid formation of phosphoric ester from 
glycogen. While it is the case that starch shows ester accumulation, in this 
respect differing from glucose, yet it never shows this phenomenon to nearly 
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the same extent as glycogen nor does the point of maximum ester accumula¬ 
tion in the case of starch coincide as regards time with that shown by glycogen. 
In four of the cases, the ester accumulation with starch is delayed until the 
second hour. 

Meyerhof [1926] has investigated the lactic acid production from starch, 
glycogen, amylopectin, trihexosan and allied compounds and he has found that 
at the end of 90 minutes’ incubation these compounds have yielded practically 
the same amount of lactic acid. The above experiments are in agreement with 
Meyerhof’s findings as regards lactic acid production at the end of that period 
of time. Meyerhof suggests, on the basis of an idea of Pringsheim, that this 
similarity is due to the formation from each of these polysaccharides of a 
trihexosan. Lohinann [1926] has isolated a triamylose as an intermediate 
product of the action of muscle-diastase on glycogen. It does not follow, how¬ 
ever, that this common intermediate is formed from starch at the same rate 
as from glycogen. The lower rate of lactic acid formation from starch in the 
early period of the incubation and the less rapid phosphoric ester formation 
from starch seem to indicate that the production of intermediates suitable as 
substrates for the esterifying enzyme takes place more slowly from starch than 
from glycogen. This great rapidity of ester formation when glycogen is used 
is one of the outstanding features of this carbohydrate and serves to distinguish 
it from soluble starch and glucose, which, in the type of extract prepared in 
this laboratory, resemble glycogen as regards lactic acid production at the end 
of an incubation of 1-2 hours. 

Summary. 

Details are given of the results of lactic acid production and phosphoric 
ester accumulation with glycogen and soluble starch respectively in extracts 
from the perfused skeletal muscle of eight cats. During the first 40-50 minutes 
of the incubation, the rate of lactic acid formation and the rate of phosphoric- 
ester accumulation are greater with glycogen than with soluble starch. At the 
end of 2 hours, however, the lactic acid formation from soluble starch is 
practically the same as that from glycogen. 

In concluding, the author wishes to express his thanks to Prof. E. Waymout h 
Reid, F.R.S., for his assistance in perfusing the cats. 
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XXIII. LACTIC ACID FORMATION IN 
MUSCLE EXTRACTS. 

VI. THE INFLUENCE OF IRRADIATION ON LACTIC 
ACID FORMATION AND PHOSPHORIC ESTER 
ACCUMULATION FROM GLYCOGEN. 

By DAVID STIVEN (Carnegie Teaching Fellow), 

From the Physiology Department, University College , Dundee, 
University of St Andrews. 

(Received January 7th , 1930.) 

The results of previous investigations on the effect of exposure of enzymes to 
ultra-violet light indicate that the effect is usually destructive. The recent 
investigations of Kumanomidoh [1928] on diastases, of IJehara [1928] on 
pepsin and of Hayashi [1928] on lipase, under the direction of Pincusscn, all 
point to that conclusion. With this in mind we have investigated the effect 
of exposure of muscle extract to a quartz mercury vapour lamp. There is no 
basis for assuming that in the complex enzyme system of muscle extract the 
resistance to the destructive influence of ultra-violet light is the same for each 
individual enzyme. We hoped for that reason that by carefully controlled 
irradiation of many extracts we might obtain more knowledge about the 
relationship between phosphoric ester accumulation and lactic acid formation 
when glycogen is the substrate. The results, which were quite unexpected, are 
given in the following thirteen experiments. 

Method. 

The cats were killed by coal gas, thereafter perfused and the muscles 
extracted with a phosphate-bicarbonate solution exactly as described in a 
previous paper [Stiven, 1928, 1]. The extracts were concentrated to about half 
the volume by freezing out the excess of water. The whole extract was then 
centrifuged in a Sharpies super-centrifuge to remove debris of muscle fibres 
and, in particular, droplets of fat. The removal of these latter is very essential 
because they adhere to the wall of the quartz tube during irradiation. On 
centrifuging, the fat droplets coalesce and can be removed by filtration through 
glass wool, although the greater portion of the fat remains behind in the bowl 
of the centrifuge. This treatment has no effect on the activity of the extract. 
At this stage, the reaction of the whole extract was adjusted to about p H 7-0 
and divided into two portions. The control unirradiated sample was kept at 
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about 10° while the remainder was being irradiated. For the purpose of 
irradiating we constructed a grid of clear quartz tubing to fit in front of the 
window of the lamp box. This window has an area of 27 by 23 cm. The grid 
was built up of fifteen pieces of quartz tubing, 7-5 cm. apart, each piece 27 cm. 
long. The tubing had a 5 mm. bore and a wall 0*5 mm. thick. These parallel 
tubes were connected together by U-shaped pieces of ordinary glass tubing. 
The extract had thus to flow through the whole length of the quartz tubing, 
in all 405 cm., while exposed to the lamp. The centre of the grid was 13 cm. 
from the lamp, which is 8 inches long, taking 3*5 amps, at a burner voltage of 
150 volts. The extract was run in from a large funnel surrounded by ice and 
water and was caught on exit in an enamelled cup, immersed in ice and salt. 
There 'were two such receivers, used alternately, so that the flow of the extract 
was never interrupted. The minimum volume of extract that could be con¬ 
veniently used under these conditions was 210 cc. These precautions for cooling 
were essential because by merely keeping the extract, without addition of 
substrate, for a short time at about 37° changes quite different from those 
produced by irradiation can be brought about. The extent of the heating may 
be judged from the fact that if the temperature of the extract before it entered 
the grid was about 5°, the temperature on leaving was about 17°. As a tem¬ 
perature of 17° was one which we could most easily control, we decided to 
maintain this throughout the series. If the temperature showed any sign of 
rising above 17° the rate of flow was accordingly increased. The cooling in the 
receiver reduced the temperature to about 4°: hence our reason for keeping the 
unirradiated control at 10° during the period of irradiation. At the end of the 
irradiation, the p R of the control was compared with that of the irradiated 
sample, but there was never any difference. The two samples were then divided 
up as required and glycogen added to the extent of 0*5 % throughout the 
series. Details of the method of incubation are given in a previous paper 
[Stiven, 1928, 1]. It may be pointed out here that the above method is not 
the same as that employed in Pincussen’s investigations. The irradiation and 
the incubation do not proceed contemporaneously as in the method employed 
by Pincussen’s workers. 

The lactic acid was estimated by the method of Friedemann, Cotonio and 
Shaffer: the phosphagen plus true inorganic phosphorus, referred to here as 
“inorganic” phosphorus, was determined by the method of Fiske and 
Subbarow. 

Results. 

In Table I lactic acid formation from 0*5 % glycogen in the control samples 
is compared with that in the corresponding irradiated sample. The experiments 
are arranged in ascending order of intensity of irradiation. By this method, 
other things being equal, the extent of the irradiation is directly proportional 
to the time and inversely proportional to the volume of extract in circulation 
through the grid. Thus irradiation of 250 cc. for 25 minutes should be equivalent 
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Table I. 


Lactic acid formed (mg. per 100 cc.) in Time of 

---a -^ irradiation 




10 

20 

30 

40 

50 

60 

90 

120 

of 250 cc. 


Exp. 

min. 

min. 

min. 

min. 

min. 

min. 

min. 

min. 

(min.) 

268 

Control 

54 

73 

88 

127 

143 

162 

195 

216 



Irradiated 

69 

96 

109 

123 

136 

150 

177 

207 

20 

266 

Control 

17 

44 

51 

57 

_ 

69 

— 

108 



Irradiated 

62 

64 

78 

89 

99 

108 

— 

129 

25 

207 

Control 

49 

76 

86 

110 

126 

140 

172 

200 



Irradiated 

77 

184 

198 

224 

246 

262 

298 

330 

25 

269 

Control 

66 

92 

112 

131 

150 

173 

212 

248 



Irradiated 

105 

169 

185 

200 

217 

234 

2 66 

291 

30 

264 

Control 

42 

63 

82 

100 

118 

138 

159 

172 



Irradiated 

77 

135 

162 

190 

219 

241 

277 

301 

30 

270 

Control 

34 

41 

57 

71 

83 

88 

— 

96 



Irradiated 

73 

80 

89 

98 

106 

113 

— 

130 

30 

263 

Control 

36 72 

107 

134 

150 

10 0 

189 

220 



I rradiated 

77 

113 

133 

147 

157 

106 

195 

202 

35 

27 J 

Control 

26 

36 

48 

67 

76 

84 

86 

89 



Irradiated 

72 

106 

117 

129 

139 

146 

164 

168 

35 

273 

Control 

60 

81 

98 

116 

144 

165 

195 

202 



Irradiated 

127 217 

294 

343 

374 

388 

422 

432 

45 

274 

Control 

65 

125 

147 

164 

179 

195 

236 

251 



Irradiated 

137 

277 

357 

395 

427 

448 

448 

448 

60 

275 

Control 

70 

104 

123 

137 

145 

150 

154 

161 



Irradiated 

17 

34 

51 

82 

104 

109 

128 

135 

90 

276 

Control 

55 106 

152 

186 

217 

239 

319 

355 



Irradiated 

99 

198 

275 

319 

351 

3 55 

364 

370 

95 


Table II. 





Decrease of 

“inorganic” ■ 

phospho 

rus 




Exp. 

10 

min. 

20 
mi n. 

(mg. per 100 cc.) 

30 40 50 

min. min. min. 

in 

60 

min. 

90 

min. 

120 

min. 

Time of 
irradiation 
of 250 cc. 
(min.) 

268 

Control 

39 

41 

32 

24 

15 

7 

0 

0 



Irradiated 

35 

42 

36 

31 

25 

21 

11 

1 

20 

266 

Control 

27 

26 

22 

17 

13 

8 

0 

0 



Irradiated 

30 

30 

27 

25 

22 

19 

1 

0 

25 

267 

Control 

44 

53 

48 

42 

36 

30 

16 

3 



Irradiated 

36 

47 

40 

32 

25 

18 

3 

0 

25 

269 

Control 

20 

52 

48 

38 

33 

25 

5 

0 



Irradiated 

41 

56 

52 

46 

41 

36 

25 

13 

25 

264 

Control 

9 

9 

9 

7 

7 

6 

3 

0 



Irradiated 

35 

43 

36 

29 

21 

18 

5 

0 

30 

270 

Control 

51 

48 

44 

38 

33 

25 

0 

0 



Irradiated 

51 

56 

53 

51 

48 

44 

25 

7 

30 

263 

Contj ol 

5 

7 

9 

16 

18 

33 

28 

14 



Irradiated 

45 

54 

50 

45 

40 

36 

27 

19 

35 

271 

Control 

38 

42 

40 

34 

26 

18 

0 

0 



Irradiated 

28 

48 

48 

46 

41 

37 

8 

2 

35 

273 

Control 

26 

54 

50 

45 

36 

27 

1 

0 



Irradiated 

20 

28 

23 

11 

3 

0 

0 

0 

45 

274 

Control 

8 

32 

49 

43 

37 

30 

9 

0 



Irradiated 

23 

27 

11 

0 

0 

0 

0 

0 

60 

275 

Control 

33 

51 

51 

44 

37 

29 

5 

4 



Irradiated 

1 

1 

0 

0 

0 

0 

0 

0 

90 

276 

Control 

5 

13 

23 

33 

40 

32 

10 

0 



Irradiated 

15 

25 

18 

6 

0 

0 

0 

0 

95 
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to irradiation of 210cc. for 21 minutes. In all but two of the experiments 
250 cc. were irradiated. In these two exceptions the volume used was 210 cc., 
but for convenience of comparison the times in the tables are expressed on the 
basis of 250 cc. 

With regard to the lactic acid formation, it will be seen from Table I that 
the shortest irradiation produced a slight increase in the rate of lactic acid 
formation in the first 30 minutes of incubation. As we pass to longer irradia¬ 
tions the difference between the irradiated and the control samples becomes 
more pronounced, reaching its maximum when the irradiation has been 
continued for 45 to GO minutes as in Exps. Nos. 273 and 274. In these two 
experiments the higher rate of lactic acid formation in the irradiated samples 
is maintained as long as there is glycogen present. Taking the average rate of 
lactic acid formation during the time that glycogen is present, as indicated by 
the iodine test, say during the first 50 minutes, we can see that in No. 273, 
100 cc. of the control extract have formed per minute about 2*5 mg. lactic acid 
as compared with 7-5 for the irradiated sample: in No. 274, these values are 
respectively 3*6 for the control and 8*5 for the irradiated. The total yields at 
the end of 2 hours’ incubation in the irradiated samples are double those in 
the controls. 

This falling off of the originally high rate of lactic acid formation is due to 
lack of substrate which in these irradiated samples is being used up at about 
three times the rate in the controls. Exp. No. 275, with an irradiation period 
of 90 minutes, shows a decided destruction of the enzyme activity and we have 
produced the phenomenon referred to at the beginning of the paper. 

In No. 276 which appears to have been more resistant to irradiation than 
No. 275, the slight destructive effect is somewhat overbalanced by a previously 
produced acceleration so that it resembles, at least as regards lactic acid 
formation, one of the extracts that has had a much shorter exposure. 

The results of the “ inorganic ” phosphorus estimations in Table II again 
show that irradiation has had a decided effect. After the shorter irradiations, 
the extent of the phosphoric ester accumulation is as a rule increased, par¬ 
ticularly so if the control sample does not show much accumulation, as in Exps. 
Nos. 263 and 264. When the irradiation has been continued for 45 to 60 minutes 
the effect is now one of diminished ester accumulation, as shown in Exps. Nos. 
273 and 274; but this decrease is evidently not accompanied by any decrease of 
the lactic acid formation. On the contrary, these two cases are outstanding 
by the great increase of the rate of lactic acid formation after irradiation. 
In Exp. No. 275, which showed a decided inhibition of the lactic acid formation 
after irradiation, we find that the ester accumulation has been almost com¬ 
pletely inhibited. Exp, No. 276 indicates with regard to its phosphorus changes 
that slightly longer irradiation would have made it comparable to No. 275. 

A better idea of the changes is to be obtained by studying the graphs of 
Figs. 1 and 2, showing the results of Exp. No. 277, in which we first irradiated 
350 cc. for 30 minutes, removed 140 cc. and continued the irradiation of the 




Time in minutes 

■Fig. I. Exp. No. 277. Lactic acid formation from 0-5 % glycogen. 

A. Control. B. After short irradiation. C* Aftor long irradiation. 



Fig. 2. Exp. No. 277. Changes in “inorganio” phosphorus with 0-5 % glycogen. 
A. Control. B. After short irradiation. C. After long irradiation. 
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remaining 210 cc. for a further 30 minutes. Whilst the short irradiation has 
produced very little effect on the “ inorganic ” phosphorus changes, the effect 
on the lactic acid formation is quite definite. The longer irradiation, whilst 
reducing the phosphoric ester accumulation, has produced a still more extensive 
increase in the rate of lactic acid formation. 

Discussion. 

Jacoby [1928] has noted an increase in the rate of lactic acid formation in 
hirudinised blood when irradiated during incubation. Beyond this we have 
failed to find anything in the literature similar to the results given above. One 
interesting feature of the results, in addition to the fact that irradiation can 
produce changes resulting in increases of the rate of lactic acid formation from 
glycogen, is that the highest rates of lactic acid formation are obtained when 
the extent of the ester accumulation has been reduced. The author has pointed 
out in previous papers the difficulty of arriving at any decision on the subject 
of the relationship between ester accumulation and lactic acid formation. In 
particular, it was possible by adding zymophosphate along with glycogen to 
increase the extent of the phosphoric ester accumulation, which resulted in a 
decrease of the lactic acid formation [Stiven, 1928, 2], The results of this paper 
make the matter even more complicated because it is shown here that irre¬ 
spective of increase or decrease of the ester accumulation the lactic acid forma¬ 
tion is invariably increased by appropriate irradiation and the highest rates of 
lactic acid formation are associated with decreased ester accumulation. 

It is impossible at this stage to give any explanation of the mechanism of the 
effect of ultra-violet light on muscle extract. It must be kept in mind that if 
glucose is used in place of glycogen as the source of lactic acid, the effects are 
quite different from those described above. Further communications will be 
made on this subject. 


Summary. 

In twelve of the thirteen experiments described in this paper it has been 
found possible to increase the rate of the lactic acid formation from glycogen 
if muscle extract be irradiated before incubation. In one case the rate of lactic 
acid formation in the irradiated sample was three times that in the control. 
Irradiation leads also to alteration of the phosphoric ester accumulation. The 
shorter irradiations resulted in an increase of the extent of the ester accumula¬ 
tion, the longer irradiations produced a decrease. The highest rates of lactic 
acid formation coincide with a decrease of the ester accumulation. In only one 
case was the lactic acid formation decreased after long irradiation, and in this 
case the ester accumulation w r as almost completely inhibited. 

The author is indebted to Prof. E. Waymouth Reid, F.R.S., for assistance 
in perfusing the cats. 
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VIII. THE PHYSICAL STATE OF THE SORBENT. 

By STANISLAUS JOHN PRZYLECKI and MORDECAI GURFINKEL. 

From the Biochemical Laboratory , Faculty of Medicine, Warsaw University . 
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Introduction. 

Previous research on the influence of structure on enzyme reactions has 
shown that the sorbent may influence the course of such reactions in two 
ways: (J) by inactivation of the adsorbed enzyme, and (2) by the spatial 
separation of the substrate from the enzyme, in those cases in which both 
undergo adsorption [cf. Przyiecki, 1929]. 

If we represent the total quantity of enzyme present in a given hetero¬ 
geneous system by E, that of the adsorbed and free enzyme by E 1 and E 2 
respectively, of active and inactivated enzyme by aE and iE respectively, 
whilst total, adsorbed, and free substrate are represented by S, s 1 and s 2 , 
then the quantity of enzyme-substrate compound formed will be some function 
of E and S in the absence of a sorbent, and of (E 1 , S) -f (E 2 , S) in its presence. 
In those cases in which S s 2 , the velocity of reaction in the presence of a 
sorbent will depend upon the degree of activity of and E 2 . Where aE x aE 2 , 
it was considered that the velocity of reaction in the presence of a sorbent 
not affecting the substrate would be the same as in a homogeneous system, 
whilst where E t — iE 1 and E 2 -- aE 2 , it would depend solely upon E 2 S. 

The effect of spatial separation of the enzyme from the substrate is most 
marked in those cases in which aE x = aE 2 . 

Where both enzyme and substrate are adsorbed, the velocity of reaction 
is the sum of the velocities of the individual reactions taking place between 
adsorbed and unadsorbed enzyme and substrate in the various phases of the 
system. The term E l s 1 is in maeroheterogeneous systems negligible, as a result/ 
of the difficulty of contact between E x and s x . This view has been confirmed 
by experiments in which the sorbent was present as a suspension (charcoal) 
or as a colloidal gel (ovalbumin), whilst experiments carried out conjointly 
with Dr J. Niedzwdecka [1928] on the influence of ovalbumin sols have indi¬ 
cated that the physical state of the sorbent influences the reaction between 
E x and s x . 

The subject of this paper is the detailed examination of the influence 
exerted on the velocity of enzymic reactions by changes in the physical state 
of the sorbent. This problem is extremely interesting in view of the fact that 


12—2 
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within the cell, according to the recent researches of Spek [1928], the colloids 
present, which may act as adsorbents, are in a state of flux. 

On the whole, biologically important sorbents may be divided into two 
classes—dispersoid colloids, and those present at liquid-liquid interfaces, such 
as between drops of fats and plasma. Changes in the former class may consist 
in changes in the degree of dispersion, which are often associated with passage 
from sol to gel, or the reverse, and may result in diminution of the adsorbent 
surface. 

The surface tension at the boundaries colloid-solvent often changes with 
the degree of dispersion of the colloid. As the colloidal micelles increase in 
size, the concentration of physically adsorbed substances increases. In par¬ 
ticular, abrupt changes in systems in which membrane formation takes place, 
or in which transient surface tension changes occur, may lead to changes in 
the above relations EJE and sJS. 

Thus, for example, if starch solution be added to a protein solution in 
which a foam has been formed by agitation, a considerable portion of the 
starch will undergo adsorption on the protein membrane-water interfaces. 
At the moment that the foam is broken, and the protein membranes conse¬ 
quently disappear, the adsorbed starch should return into solution. In our 
experiments this did not, however, take place. The adsorbed starch apparently 
undergoes some physical alteration, as a result of which, after the resolution 
of the foam, it separates as a precipitate which settles at the bottom of the 
vessel; this precipitation is absent from systems which have not been shaken. 

The formation of this precipitate leads to changes in the velocity of 
reaction. The system contains finally , s 2 and s 0 (precipitate), an equilibrium 


v. / 


probably existing, and s 0 does not to any considerable extent enter into com¬ 
bination with E\ or E 2 . The velocity of reaction will now consist of the 
following terms: 

Ji (E z s a ) + / 2 (E^j) -f / 3 (E x s 2 ) ft (^ 2 ,s ’i) + ( E f s 0 ) + Ja {E 2 h 0 ). 

* The reaction is thus retarded to an extent commensurate with the magnitude 
of s 0 , and relatively independent of EJE. 

The existence of such phenomena will be demonstrated on the system 
shaken, ovalbumin solution-starch solution, in which kinetic experiments 
show that at least 85 % of s 0 does not enter into the reaction (see p. 186). 

The passage of monons (primary particles) into polyons, as well as in¬ 
crease in the size of monons, may lead to the occlusion of originally adsorbed 
micelles of enzyme or substrate, the quantity of micelles thus occluded being 
proportional to the ratio original quantity of monons : final quantity of 
polyons. This phenomenon may be expressed as follows: E x -> E x a + E/, and 
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,s‘j -> s x a | the terms designated by a and /? denoting respectively free and 
occluded enzyme or substrate. In those systems in which only S is occluded, 
the velocity of reaction is represented by the sum of various functions of the 
following terms: /i 3 .s* 3 a |- s ± 8 -f E 2 s 2 -f E 2 ,s i a -p E 2 s/ f E 2 s 2 . The values of 

the various terms containing depend upon the distance between monons 
of the same micelle as well as on the dimensions of the particles of the substrate 
and the extent to which they are adsorbed. The effect of occlusion of the 
substrate upon the velocity of reaction is as a rule greater than that of 
occlusion of the enzyme, in view of the generally greater size of the particles 
of the latter, which renders their entry within the polyon difficult. An 
example of this is given by the system amylase-occluded glycogen-caseinogen, 
in which the hydrolytic action of the enzyme is completely inhibited. 

If h* is excluded from the reaction, the equilibrium point of reversible 
reactions will be altered, whilst in the case of irreversible reactions these do 
not practically proceed to completion, as in the above-cited cases of occluded 
glycogen and amylase. The occluded substrate can take part in the reaction 
only as a result of a change in the state of dispersion of the sorbent. Occlusion 
of the enzyme, however, leads in the above case only to a retardation in the 
velocity of reaction, but not to its complete inhibition. We may similarly 
conceive that the formation of membranes may be associated with the incar¬ 
ceration of enzyme or substrate particles in separate cells, and with consequent 
retardation or partial inhibition of reaction. 

It is of importance 4 that substances which normally powerfully elute sub¬ 
strates or enzymes from a given sorbent are unable to do so in those cases 
in which occlusion has taken place, and this appears to us to be possibly a 
very potent factor in the regulation of enzymic equilibria in vivo. 

The occlusion and consequent inactivation of enzymes or substrates de¬ 
pends, apart from the distance separating the monons of a given polyon, 
upon factors influencing the degree of dispersion of the sorbent. Further, 
substances provoking elution of the adsorbate before aggregation of the 
sorbent to a large extent prevent subsequent occlusion. 

An example of retardation of reaction due to occlusion of the enzyme 
alone is given by the system ovalbumin-occluded saccharase-chloroform 
(W. Giedroy6, unpublished work). In this case, as a result of the selective 
elutive effect of chloroform upon the substrate alone, the ovalbumin, on 
coagulation, contains only the ferment. 

Diminution of the degree of dispersion of the sorbent is associated with 
diminution of the Brownian motion of its particles. Since, as has been shown 
in a previous part of this series, practically no reaction can, as a result of their 
spatial separation, take place between enzyme and substrate particles ad¬ 
sorbed on one and the same micelle, enzyme and substrate are free to interact 
only by the collision of different micelles on which they are adsorbed, and 
the possibility of such collisions is greater the greater the degree of dispersion 
of the sorbent, and consequently, the greater the Brownian motion of its 
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micelles. This was illustrated in Part II of this series, by the system ovalbumin- 
amylase-glycogen. 

Cessation of Brownian motion may be accompanied by the arrangement 
in some definite order of the monons combining to form polyons, whereby 
structure formation commences; this may still further retard enzyme reac¬ 
tions, in two ways: 

(a) even stirring or shaking cannot facilitate contact of enzyme adsorbed 
on one micelle with substrate adsorbed on another; 

(b) quite apart from sorption, the velocities of diffusion of enzyme and 
substrate are diminished. 

In systems containing two liquid phases, such as oil-water, changes in the 
oil-water interface may take place with the greatest facility. This interface 
possesses surface energy, which is diminished by the presence of starch or 
glycogen, which thereby undergo adsorption on the oil surfaces. Increase in 
the dispersion of the oil will therefore lead to an increase in the proportion 
of adsorbed glycogen, with a corresponding diminution in its concentration 
in solution. The reverse does not, however, apply. Coagulation of the drops 
of oil with a consequent decrease in free surface leads not to a corresponding 
increase in concentration of dissolved polysaccharide, but to the precipitation 
of the latter. 

The above considerations show that retardation of reaction may be due 
not only to inactivation of adsorbed enzyme and to spatial separation of 
simultaneously adsorbed enzyme and substrate; a number of other possi¬ 
bilities may exist in which retardation is due to the physical state of the 
substrate, whilst the enzyme may remain active and unadsorbed. Thus both 
the precipitation of the substrate and its occlusion may reduce the velocity 
of reaction, as well as affect its equilibrium point. These are particular cases 
of the effect of the state of the substrate on enzyme reactions; this problem 
will further be considered in the subsequent papers of this series. 

Experimental. 

All experiments were comparative. Sorensen’s phosphate buffers were used 
to ensure uniform p B , which was 6*2 in the systems containing oil or protein 
and 6*6 in those with gelatin. Adsorption was measured at room temperature 
immediately after shaking, whilst precipitation was examined 24 hrs. after 
commencement of shaking. The kinetics of all systems was examined either 
'in a thermostat at 37° ± 0*5°, or at 25° db 1°. In all cases protein was removed 
before determination of glucose. 

I. The system oil-stakch-amylase. 

Adsorption of starch. 30 cc. of 0*5 and 1 % solutions of starch are shaken for 
2 hrs. with, in some cases, 5 cc. of olive oil, in 100 cc. Erlenmeyer flasks, the 
contents of which are then filtered; 10 cc. of the filtrate are hydrolysed at 100° 
for 4 hrs. with 1*5 cc. of concentrated hydrochloric acid, and reducing sugars 
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determined by Bertrand’s method. The results, given in Table I, show that 
whilst in the absence of oil, 10 cc. of 1 and 0*5 % starch solutions yield 
respectively 92*5 and 52 mg. of sugar, in its presence only 68*2 and 34*2 mg. 
are obtained. It follows that 26*3 % of the starch present in 1 %, and 34*2 % 
of that in 0*5 % solutions have undergone concentration on the oil surfaces; 
increasing the time of shaking from 2 to 4 hrs. does not appear to affect the 
values obtained. At the same time, the emulsion is stabilised by the starch, 
in the absence of which separation of the phases takes place in 30-60 mins., 
whilst in its presence the emulsion lasts over 24 hrs. As the globules of oil 
coalesce, the greater part of the adsorbed starch is precipitated, a certain 
amount remaining, however, in adsorption. The addition of propyl alcohol 
to 1*4 % or of butyl alcohol to 0*71 % leads to a considerable diminution in 
the degree of adsorption of starch, which now amounts to 11*8 and 14*7 % 
respectively (see Table I). 

Table I. Adsorption and elution of starch on oil. 

Mg. glucose in 10 cc. of filtrate, using 30 cc. of 0-5 and 1 % starch, and 5 g. of oil. 

Each result is the mean of four determinations. 

Oil 




No alcohol 


With propyl alcohol 

With butyl alcohol 

Starch 


2 hrs. % 

4 hrs. 

7o 

7o 


7o 

0/ 

/o 

No oil 

shaking sorption 

shaking 

sorption 

sorption 


sorption 

0*5 

52-0 

34*2 34*2 

34 3 

340 

45*9 11*8 

444 

14*7 


(51*0-53*0) 

(32-0-36-2) 

(32*4-36*5) 


(41*447*1) 

(43*3-47*8) 


1*0 

92*5 

08*2 262 

— 

— 

— — 

— 

— 


(91*5-93*5) 

(66*1-70*4) 







Adsorption of amylase. Parallel experiments to the above were carried out 
using 0*5 % amylase (Merck’s) in 1 % sodium chloride solutions in place of 
starch. To 20 cc. of the filtrates after shaking, 20 cc. portions of 1 % starch 
solution were added and the flasks left at 37° for 4 hrs. after which reducing 
sugars were determined as before. The results, given in Table II, show that 
in the presence of oil 20 cc. of filtrate produced 67*5 mg. of sugar, and in its 
absence 71 mg., a difference of 4*9 %. It follows that amylase is not to any 
great extent concentrated on the oil-water interface. 

Table II. Sorption of amylase on oil 

Mg. glucose in 40 cc. solution, containing 20 cc. of 1 % starch, after 4 hrs. at 37°. 

No. of 

exps. Without oil With oil % sorption 

4 71*0 67*5 4*9 

(70*0-72*5) (05*5-6 9*3) 

Kinetics of the system oil-water-amylase. 

(a) Emulsion. A number of flasks containing 30 cc. of 0*5 % starch solu¬ 
tion and 10 cc. of 1*5 % amylase solution were shaken for 5 hrs. at 25°, and 
the reducing sugar content of the filtrates compared with that of a similarly 
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treated series of flasks to which 5 ec. of olive oil had been added. The results, 
given in Table III, show that in the first case 47*9 mg. of sugar were found 
in 10 ec. of the filtrate, whilst in the presence of oil 45-4 mg. were found, a 
difference of 5*2 %. 

Table TIL Influence of oil on kinetics of hydrolysis of starch by amylase . 

Mg. glucose in 20 ec. of filtrate, using 0-5 % starch solution. 

No oil Oil 

_A__ _-—-- A '~----—--\ 

No. of With Without Amylase added % inhi- Amylase added % irihi- 

exps. shaking shaking before shaking bition after shaking bit ion 

4 47-9 480 45-4 5-2 37-8 20 1 

(47*2-48*5) (47-0-49*1) (45*2-40-6) (37*(>- 38-9) 

This inhibition may be due either to simultaneous adsorption of substrate 
and enzyme or to the inactivation of the latter. In the first case, substitution 
in the equation ES — Sj -f E r s 2 I E 2 s L -} E 2 s 2 gives 

0*05 x 0*34 -|~ 0*05 x 0*66 i 0*95 x 0*34 0*95 x 0*66 1*7 % ES, 

i.e. the maximal retardation of reaction due to simultaneous adsorption is 
1*7 %; in reality the value obtained would be even lower in view of the fact 
that the system is shaken, whereby the possibility of contact occurring be¬ 
tween substrate and enzyme particles in adsorption on different globules of 
oil is increased. The observed inhibition of reaction must therefore be due to 
inactivation of adsorbed enzyme. It is in this connection of interest that 
Truszkowski (1928) found that amylase adsorbed on lipoid surfaces is thereby 
inactivated, and, as this is the first case published of inactivation due to 
physical adsorption, it is our intention further to investigate this phenomenon. 

(b) The precipitate. The above experiments were repeated, with the 
difference that amylase was added 24 hrs. later, when a considerable portion 
of the starch had been precipitated. The results, given in Table III, show 
that in the absence of oil 47*3 mg. of sugar were formed, mid in its presence 
37*8 mg., a difference of 20*2 %. This retardation is due preponderatingly to 
precipitation and consequent exclusion from reaction of starch as «v 0 . Since 
about 30 % of the starch is, in emulsions, present at the interface, it follows 
that only 67*7 % of the adsorbed substrate undergoes precipitation. 

II. The system ovalbumin-amylase-starch. 

Adsorption and, elution of starch . To one series of flasks, containing 30 cc. 
of 0*5 % starch, 5 cc. of 8 % Merck’s ovalbumin solution are added, and to 
another 5 cc. of water; all flasks are then shaken for 2 hrs., their contents 
filtered, and the reducing sugar content of the filtrates determined after 
hydrolysis with hydrochloric acid, as before. The results, given in Table IV, 
show that, in the presence of ovalbumin, 62*7 % less starch is present in the 
filtrates than in its absence. Substantially the same results are obtained if 
the flasks are shaken 4 hrs. instead of 2. This phenomenon appears to be 
due to the adsorption of starch on the protein membranes present in the 
foam formed by shaking, and these membranes are retained by the filter- 
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paper. Starch adsorbed on dissolved protein passes together with the latter 
through the filter-paper, so that determinations made on the filtrates apply 
to both free starch and to that adsorbed on the colloidal sol. 

The addition of alcohols in the same concentrations as those used with 
the corresponding system containing olive oil similarly diminishes the amount 
of adsorption. Thus, as is shown in Table IV, the proportion of adsorbed 
starch is diminished by 67*5 % by propyl alcohol and 27-0% by butyl alcohol. 

If the system is left for 24 hrs. after shaking, a precipitate of starch forms, 
as in the presence of oil, and the amount of this precipitate is considerably 
smaller in the presence of alcohols. No precipitate forms if the system is 
not shaken. 


Table IV. Sorption and elution of starch in shaken ovalbumin solutions. 

Mg. glucose after hydrolysis of filtrate of the system 30 ec. 0-5 % starch -f5 ee. 4 % ovalbumin. 

1 )v albumin 

Shaken 2 hrs. Shaken 4 hrs. 

No No Propyl % Butyl % No % 

exps. ovalbumin alcohol sorption alcohol sorption alcohol sorption alcohol sorption 

4 45*2 14 7 07-5 37*3 17-5 330 27 0 12*5 72-2 

(441) 45 5) (14*4-10*0) (35*1-38*0) (31*9-35*2) (12*2-13*5) 

Adsorption of amylase. To one series of flasks containing 20 ec. of 1 % 
amylase 5 c-c. of 10% ovalbumin solution are added, and to another series 
5 ce. of water. All are then shaken for 2 hrs., filtered, and to 10 ee. of each 
filtrate 20 ee. of 0*5 % starch solution are added, and the amylase allowed to 
act for 4 hrs. at 37°. The results given in Table V show that about 29*6 % 
of the amylase present is adsorbed on the protein membranes. 

Table V. Sorption of amylase in shaken ovalbumin sols. 

Mg. glucose 4 hrs. after addition of 10 ce. of filtrate from 20 ce. of 1 % amylase solution and 
5 cc. of water or of 10 % ovalbumin to 20 ee. of 0*5 ° 0 starch solution. 

No. of exps. Without ovalbumin With ovalbumin % sorption 

4 42*2 29*7 29*0 

(40*8-43-4) (27*0 324) 


Kinetics. 

(a) In constantly shaken systems. Assuming that on the average 67 % of 
the starch and 29*6 % of the amylase are in adsorption on the protein mem¬ 
branes present in the foam, then, even neglecting possible retardation of 
reaction due to simultaneous adsorption of enzyme and substrate on the 
particles of the sol, E i s 1 = 19*8 % ES, i.c. the retardation of reaction should 
amount to about 20 %. A comparison of the reducing sugar contents of the 
filtrates of flasks shaken for 2 hrs. at 25°, and containing 30 cc. of 0-5% starch 
solution and 10 cc, of 1 % amylase solution, with the addition of 5 cc. of 
10 % ovalbumin solution or of water, indicates (see Table VI) that hydrolysis 
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is barely 3*5 % less in the presence of ovalbumin. It follows that retardation 
due to the term E^s 1 is only 17*5 % of the theoretical maximum. In this 
case, therefore, the presence of a sorbent of both enzyme and substrate does 
not involve the absence of reaction between E ± and s 1 . 

(b) After cessation of shaking. The preceding experiment was repeated, 
with the difference that shaking took place at 5°, after which the flasks 
were left for 2 hrs. at 25°, when the reducing sugar content of the 
filtrates was determined. These modifications should not lead to any great 
changes in the ratios EJE and sJS, yet, as is shown in Table VI, the per¬ 
centage inhibition is now 12-7 %, as compared with 3*5 % in the preceding 
experiment, i.e . the reaction between E 1 and s 1 is inhibited to the extent of 
60*3 %. In no case was precipitation of starch observed. The retardation of 
reaction should therefore be ascribed to the absence of agitation, which in 
the previous experiment facilitated contact of enzyme and substrate particles 
adsorbed on different micelles. 


Table VI. Influence of ovalbumin on kinetics of hydrolysis of starch. 


Mg. glucose in 20 cc. of filtrates of systems containing 30 cc. of 0*5 % starch, 10 ce. of 
X % amylase, and 5 cc. of water or of 10 % ovalbumin solution. 


No. of No 

expB. ovalbumin 

4 433 

(42*8-43-6) 


Ovalbumin 


Shaken 2 hrs., 
then loft 24 hrs.. 
Shaken 2 hrs. amylase added, 

% at 5\ then % and left 2 hrs. % 
Shaken inhi- left 2 hrs. inhi- at 25° inhi- 
2 hrs. bition at 25° bition bition 

41*8 3*5 37-8 12*7 21*6 50*0 

(41*6-42*1) (35*7-38*3) (20*4-22*1) 


(c) 24 hrs. after cessation of shaking. Exp. a is repeated with the difference 
that amylase is added 24 hrs. after cessation of shaking, i.e. after the forma¬ 
tion of a precipitate of starch. We see from Table VI that the reaction is 
now inhibited to an extent of 50-54 %. Since 55-60 % of the starch has been 
precipitated, 10 % of this must have entered into reaction. 


Table VII. Kinetics of enzymic hydrolysis in the presence of ovalbumin 
at different degrees of coagulation. 


Duration of heating 
of ovalbumin 


secs. 

Mg. glucose 

0 

39*0 (37*9-40*1) 

15 

37*8 (35*6-39*2) 

60 

34*0 (32*8-35*0) 

90 

32*2 (30*7-33*1) 

300 

30*9 (30*1-32*0) 


% inhibition 
0 

3*1 

12*9 

17*4 

20*7 


(d) The same system containing ovalbumin in various stages of coagulation. 
A number of flasks containing 20 cc. of 1 % ovalbumin solution were heated 
with constant shaking for 0, 15, 30, 60 and 90 secs., and 5 mins, in a water-bath 
at 100°. The flasks were then cooled and to each 15 cc. of 1 % starch solution 
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and 10 cc. of 1 % amylase solution were added. The flasks were then shaken 
for 2 hrs. and left at 25° for 3 hrs., after which the volume of solution was 
in all cases made up to 50 cc., and the reducing sugar content determined. 
The results, given in Table VII, indicate that inhibition of reaction between 
E % and rises from 0 in the presence of unheated protein to 100 % where 
the latter had been heated 5 mins. 

III. The system caseinogen-glycogen-amylase. 

10 cc. of 2 % glycogen were added to 100 cc. of milk, the whole was shaken 
for 2 hrs., after which hydrochloric or acetic acid was added to jo H 3*04*2, 
and the solution left for 6 hrs. for precipitation of caseinogen, after which 
N sodium hydroxide solution was added to p n 5*0-5*2. A second series of 
flasks was submitted to the same operations, with the difference that the 
10 cc. of glycogen solution were added after alkalisation. All flasks were now 
shaken for 2 hrs., after which 25 cc. of 1 % malt amylase solution were added, 
and the flasks left at 25°. After 7, 30 and 90 days glycogen was determined 
in the whole solution, in the filtrate and in the residues. 

The results, given in Table VIII, show that not even a trace of glycogen 
was present in any of the filtrates, and glycogen was also absent from the 
residues of those flasks to which it had been added after precipitation of 
caseinogen, as a result of the reaction s t -> s 2 , and of the interaction of Sj 
with E 2 and of s 2 with E. 

Table VIII. Inhibition of glycogenolysis due to occlusion . 

Each result is the mean of four experiments. 

Mg. glycogen found in the systems 


Curdled milk to which Glycogen and amylase added to milk which is then curdled 

glycogen and amylase 

were added Alcohol added Alcohol added 


Dura¬ 

tion 

of 

exp. 

days 

r 

No alcohol 
> _ 

2~% 

Butyl 

alcohol 

ppt. 


Without 

alcohol 


after curdling 
of milk 

before curdling 
of milk 

Whole 

system 

Ppt. 

Whole 

system 

*___ 

Ppt. 

Fil¬ 

trate 

Whole 

system 

Ppt. 

Fib 

trate 

Whole 

system Ppt. 

Fil¬ 

trate 

0 

2000 

176 8 

094 

202-1 

179 6 

23-0 

201-7 

174-0 

23-2 

201-0 840 

J18*2 

7 

39-7 

361 

23-8 

1435 

1410 

3-0 

140-9 

138*7 

0 

70-7 63-7 

0-7 

30 

0 

0 

0 

1381 

1374 

0 

137*0 

136*8 

0 

02-2 61*2 

0 

00 

0 

0 

0 

137-2 

137-1 

0 

130-8 

130*3 

0 

02-4 00-2 

0 


In those flasks to which glycogen had been added before precipitation, 
on the other hand, it was present in the residue in all cases, and to an equal 
extent after 90 days as after 30 days. 

In one experiment, for example, 89*4 % of the glycogen present was 
adsorbed on the caseinogen. After the action of amylase, 68 % of the glycogen 
remained unhydrolysed, whence it follows that 76*3 % of the adsorbed 
glycogen was protected from hydrolysis by occlusion. 

Action of alcohols on the above system. Repetition of the above experiments, 
with the addition of propyl alcohol to 2 % before addition of amylase, shows 
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that where glycogen is added after precipitation of caseinogen considerable 
elution takes place, whilst this is almost entirely absent from those systems 
to which glycogen had been added before precipitation, and similarly, the 
velocity of hydrolysis of glycogen is accelerated in the former case by the 
addition of propyl alcohol but not at all in the latter case. 

Entirely different results are obtained if the propyl alcohol be added at 
the same time as the glycogen. In this case, the proportion of occluded 
glycogen is greatly diminished, so that after 60 days we find 62*4 mg. per 
100 cc. instead of 137*1 mg. as in the preceding experiment. 

IV. The system gelaitn-amylare-staroh. 

To a number of flasks containing 10 cc. of 0, 0*9, 2*1, and 3*9 % gelatin, 
10 cc. of 0*6 % starch and 10 cc. of 0*9 % amylase were added, and the flasks 
left for 5 hrs. at 37° and at 25°, after which reducing sugar was determined. 
The results, given in Table IX, show that 0*3 % gelatin retards reaction by 
9*3 % at 37° and by 9*9 % at 24°, 0*7 % gelatin by 17*5 % at 37° and by 
21*2 % at 24°, whilst 1*3 % gelatin produces a retardation of 41 % at 37° 
and of 56*7 % at 24°. The inhibitive action of gelatin thus, increases with 
concentration and with temperature, the relative effect of »he latter factor 
being greater at higher than at lower concentrations of gelatin. The percentage 
inhibition due to a temperature difference of 13° is 6*5 % with 0*3 % gelatin, 
21 % with 0*7 % gelatin, and 38 % with 1*3 % gelatin. 


Table IX. Kinetics of enzymic hydrolysis of starch in presence of y da tin. 



Cone, of 
gelatin 

Mg. glucose in 20 ee. of solution after 2 hrs 


Percentage 
excess of 
inhibition 

No. of 


<»/ 

/o 

o 

/o 

over that 

exps. 

tv 

o 

at 37 ^ 

inhibition at 25° 

inhibition 

at 37 u 

4 

0 

37-8 (37 0 38 0) 

0 28*3 (28*0-28*7) 

0 

_ 
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Summary. 

50*7 

38*0 

1. An examination of the system oil-starch-amylase yielded the 
results. 

following 


Starch undergoes adsorption at the water-oil interface to an extent of 
26*3 % from 1 %, and 34*2 % from 0*5 % solutions, in the presence of 5 g. 
of oil. 

The presence of 1*4 % propyl alcohol, or of 0*71 % butyl alcohol, reduces 
adsorption to about one-half. 

About 68 % of the adsorbed starch is deposited as a precipitate from 
emulsions of oil in starch solution on the resolution of the emulsion. 

The adsorption of amylase on oil is very small, not exceeding 5 % under 
the experimental conditions. 




STRUCTURE AND ENZYME REACTIONS 


189 


The adsorbed amylase appears thereby to be inactivated and the pre¬ 
cipitated starch does not react with amylase. 

2. An examination of the system soluble ovalbumin-starch-amylase leads 
to the following conclusions. 

Starch undergoes adsorption to about 63 % on the protein membranes 
present in the foam formed when ovalbumin solutions are shaken. 

The addition of alcohols as in (1) leads to elution of starch. 

A portion of the adsorbed starch is deposited as a precipitate on the 
resolution of the foam. 

Amylase is adsorbed on the protein membranes to an extent of about 
30 % under the experimental conditions. 

In systems containing ovalbumin, starch, and amylase, the velocity of 
hydrolysis is only 3*5 % less than in the absence of protein if the system is 
constantly shaken; without shaking, retardation amounts to 12*7 %, whilst 
when amylase is added 24 hrs. after shaking it amounts to 52 %. 

The degree of inhibition due to ovalbumin is proportional to the extent 
to which it is coagulated. 

3. The system caseinogen-glycogen-amylase has been studied, with the 
following results. 

When caseinogen is coagulated in the presence of glycogen, the latter is 
occluded within the precipitate, and is thereby protected from the action of 
amylase in the medium, only 24 % of the adsorbed glycogen being hydrolysed. 

The occluded glycogen is not eluted by alcohols. 

4. A study of the system gelatin-starch-amylase shows that the inhibitive 
effect on the hydrolysis of starch due to the presence of gelatin increases with 
concentration of the latter, and is greater at 25° than at 37°. 
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Dakin [1904, 1905] first showed that lipases do not hydrolyse the two com¬ 
ponents of a racemic mixture with equal velocity. He found that liver esterase 
hydrolysed r/--ethyl mandelate preferentially when allowed to act on the 
racemic mixture. Little further work was carried out on the subject until 
Willstatter and Memmen [1924] and Willstatter, Haurowitz and Memmen 
[1924] performed the corresponding experiments with pancreatic and gastric 
lipase. All these observations were confined to the behaviour of the enzyme 
to the racemic mixture. Rona and Ammon [1927] first investigated the 
behaviour of the enzyme to the pure optically active forms, and found that 
liver esterase actually hydrolysed the pure laevo-form with greater velocity 
than the dextro-form, although selecting the latter from a solution of the 
mixture. The explanation of this phenomenon was given by Willstatter, Kuhn 
and Bamann [1928]. It was shown that the results were quite consonant 
with the theory of Michaelis and Menten [1913]. Briefly, the course of 
hydrolysis depends on the characteristic constants of the two stages of the 
reaction, which may be represented: 

Enzyme + Substrate ^ Enzyme-substrate-complex (I) 
and Enzyme-substrate-complex ^22 Enzyme + Products (II). 

All the results may be explained on the single assumption that these constants 
may be different for the two optical isomers. 

In the case of a single substrate, if the substrate concentration is sufficient 
to saturate the enzyme, the velocity, which is proportional to the concen¬ 
tration of enzyme-substrate-complex, is determined solely by the second 
constant, but if the enzyme is partitioned between two substrates, the relative 
velocities of hydrolysis are principally determined by the constants of the 
first equation, since these determine the relative concentration of the two 
enzyme-substrate-complexes. Such is the case of a racemic mix ture. Mathe¬ 
matically the conditions may be expressed as follows. If K D , K h be the 
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constants of equation (I) (affinity constants or Michaelis constants), k D , h L 
the constants of equation (II), c D , c L the concentrations of the two enzyme- 
substrate-complexes, v D , v L the velocities of hydrolysis, A the initial amount 
of each substrate, y and x the amounts hydrolysed at any time, and € the 
enzyme concentration, then 


But 


Vd 

V L 


kq c/> _ h D K l € (A - y) _ A - 
kiCL k^Kjj’ €(A-x) A- 
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Weber and Ammon [1929] were able to show that the value of K obtained 
from observations on the racemate was equal to that obtained by multiplying 
the values of the constants measured separately, thus proving the correctness 
of the explanation. 

It is obvious that experiments on the racemate alone will not give any 
information on the values of either the affinity constant or the breakdown 
constant of either form, but only a figure derived from all four. Thus many 
recorded observations of the “total specificity” of a particular lipase towards 
a racemic substrate are of little use for presenting a simple comparison 
bet ween a series of related compounds. 

It is now recognised however that enzymes are capable of forming re¬ 
versible compounds of the Michaelis type with other substances than their 
substrates, certainly with the products of the reaction and probably with 
certain other types of quite unrelated compounds. In a system consisting of 
the enzyme, substrate and a third substance, the extent of formation of these 
compounds can be easily measured by observing the extent to which the 
hydrolysis is inhibited, hence the affinity of the enzyme for the substance 
can be readily measured. If the enzyme-iuhibitor-complex is a compound of 
the Michaelis type, the two isomers of an optically active substance should 
show a difference in affinity comparable with the difference between the 
isomers of a substrate. 

One of us [Murray, 1929] has already shown that secondary alcohols such 
as phenylmethylcarbinol inhibit lipase hydrolysis in this wav. Such com¬ 
pounds possess the necessary asymmetry, and can be obtained in optically 
active forms. The three alcohols selected for the first investigation all had a 
methyl group attached to the carbinol on one side, the other group being in 
one case aliphatic, viz. w-hexyl, in one case aromatic, viz. phenyl, and in the 
third case mixed, viz. /J-phenylethyl. 


Experimental method. 

The choice of method lay between the gasometric and the direct titra- 
tionai. The strict constancy of p H gives to the former method a greater 
accuracy, but experiment showed that for the purpose sufficient accuracy 
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was obtained by the method of direct titration in a buffer-free fluid [cf. 
Bamann, 1929; Bamann and Schmelier, 1929]. 

The experiments were performed in test-tubes with a total initial volume 
of 8 cc. The tubes contained 3 drops of a suitable indicator (bromothymol 
blue) and whenever the solution became acid to the indicator it was brought 
back by a drop of N/ 100 NaOH added from a micro-burette which delivered 
about 40 drops per cc. The error of dilution during titration was found to 
be negligible. The maximum velocity of hydrolysis was regulated by the 
amount of enzyme added so that about 30 drops of NaOH solution were 
required during a half-hour period. All titrations were made at room tem¬ 
perature, and the velocities in a given series were always comparative to one 
or more control tubes (no inhibitor) in the same series. Usually 10 or 12 tubes 
were examined together for 30 minutes. 

Preparation of material . 

Preparation of enzyme. The enzyme extracts were made from preparations 
of liver, dried by acetone alone, or acetone, and ether. The extracting agent 
was dilute ammonia. Nj 40 was suitable for sheep-liver extraction, but for 
rabbit-liver N/10 was found to be better. After standing for 3 to 4 hours 
with occasional shaking at about 20°, the residue was centrifuged off, and the 
solution acidified with acetic acid to precipitate the inactive proteins. The 
enzyme remained in solution after centrifuging, and, when neutralised with 
ammonia, was kept in this solution for use. One gram of dried sheep liver 
extracted with 30 cc. ammonia gives a very active preparation of enzyme, 
of which 1/20 cc. is sufficient for each tube in this method. Rabbit-liver 
preparations are less active and contain more buffering matter, largely phos¬ 
phate, which renders the colour change less easy to follow r . A preliminary 
extraction of the powder with distilled water removes much of this. It has 
been shown by Willstatter, Bamann and Waldschmidt-Graser [1927] and 
Rona and Itelsohn-Schechter [1928] that the degree of purification does not 
affect the stereochemical specificity, so that the above type of preparation is 
quite suitable. 

Preparation of the optically active alcohols. The alcohols were resolved by 
the method of Pickard and Kenyon [1911]. The method consists of converting 
them into acid phthalates which are then crystallised with an optically active 
base. We should like to express our indebtedness to Dr Kenyon who per¬ 
sonally gave us the samples of the two forms of methylphenylcarbinol and 
methyl-jS-phenylethylcarbinol. 

Choice of substrate and optimal conditions , 

Ethyl butyrate proved to be the most suitable substrate. The maximum 
velocity of hydrolysis with this substrate and sheep-liver esterase is reached 
at a concentration of about 0005 M. With ethyl propionate and this enzyme 
the maximum velocity is much smaller and is not reached until the concen- 
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tration is twice as great. Ethyl acetate is very slowly hydrolysed and the 
maximum is not reached at a concentration of ten times this figure, indicating 
a much lower affinity between the enzyme and the shorter chain fatty acid 
esters (Micliaelis constant much larger). It is interesting to note that the 
value of the Michaelis constant is determined far more by the nature of the 
acid constituent than by the alcohol—thus n-butyl acetate was found to 
behave very similarly to ethyl acetate. 

When the concentration necessary for maximum velocity is exceeded, the 
velocity falls again. Probably an excess of substrate favours the formation of 
a slowly hydrolysable complex with the enzyme. The curve relating velocity 
to substrate concentration is shown in Fig. 1, which also shows the effect of 
a small quantity of inhibitor on the concentration for maximum velocity. 
The competition of the inhibitor with the substrate for the active enzyme 
surface delays the inhibitory power of excess substrate. 



Fig. 1. Effect of 0 00079 M methyl-n-hexylcarbinol on optimal substrate concentration. 

Ordinates represent equivalents x 10acid liberated in 10 min. 

In all experiments the substrate concentration was that at which the 
maximum velocity is obtained in the absence of inhibitor. The degree of 
inhibition is indicated by the vertical drop to the lower curve in Fig. 1. 

All the experiments unless otherwise stated were carried out at p H about 
7*0, the indicator used being bromothymol blue. 

Experiments with methyl-n - hexylca. rhinal . 

The stock solutions of ethyl butyrate and ethyl propionate contained 
8 g. per litre, so that when 1 cc. was present in the 8 cc. total fluid the con¬ 
centration was 1 mg. per cc. For ethyl butyrate, 0*6 cc. was used in each 
tube, and for ethyl propionate, 1*2 cc,, when working with sheep-liver enzyme. 

Stock suspensions of the three forms of the sparingly soluble methyl-n- 
hexylcarbinol contained 0*2 cc. (0*165 g.) in 100 cc. Varying amounts of this 
were added to the substrate and made up to volume, the p n being adjusted 
if necessary. The final concentrations of inhibitor were low enough to give 
complete solution. Enzyme was added to all the tubes and readings com- 
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menced. A typical result is given in the accompanying table, and the com¬ 
plete results are conveyed by Fig. 2, which shows the inhibition of the hydro¬ 
lysis of ethyl butyrate, and Fig. 3, which gives the corresponding curves for 
ethyl propionate. The inhibition of the latter is much greater, corresponding 
with the fact that it has a much lower affinity for the enzyme. 

Experiment . Inhibition of hydrolysis of ethyl butyrate by the three forms of methyl-n* 
hexylcarbinol. 0-6 cc. ethyl butyrate in all tubes. 

Dextro- Laevo- Racemic 

Cc. suspension r -- % , 


carbinol ... 

0-0 

0*15 

0-3 

0-6 

0-9 

1-2 
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12 

10 
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5 

11 

6 

4 
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1 

11 

0 5 

3 

2 
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Percentage inhibition 


19 

33 

50 

57 

04 


54 

68 

83 

89 

91 


42 58 

76 

82 

85 



Fig. 2. Hydrolysis of otliyl butyrate inhibited by methvl-w-hexylcarbinol (concentration 
of substrate = 0-00517 M), 



Fig. 3. Hydrolysis of ethyl propionate inhibited by methyl-^-hexylcarbinol (concentration 
of substrate=0 01176 M). 

The racemic inhibitor behaves as would be theoretically expected for a 
mixture of two inhibitors, namely, the concentration required to give 50 % 
inhibition (equal partition of the enzyme) is given by 2/C - ljC D + I/O ° 
where C B and C L are the concentrations of the optically active forms^imiiarly 
required. 
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Experiments with methylphenyl- and methyl-ft-phenylethyl-carbinols. 

Figs. 4 and 5 show the inhibitions given by the two optically active forms 
of methylphenylcarbinol and methyl-/3-phenylethylcarbinol respectively. It 
will be seen that the general phenomenon of difference between the two forms 
of the alcohol occurs again, and to a similar extent; that is to say, the laevo- 
form inhibits from four to five times more powerfully than the dextro-form. 
The molar concentrations of these alcohols required to give the same degree 
of inhibition as was given by the aliphatic alcohol, methyl-n-hexylcarbinol, 
differ considerably, the requisite concentration of methylphenylcarbinol 
being nine to ten times, and that of methyl-jS-phenylethylcarbinol about four 
times greater. 

100 



Concentration of inhibitor 

Fig. 4. Hydrolysis of ethyl butyrate inhibited by methylphenylcarbinol. 



Fig. 5. Hydrolysis of ethyl butyrate inhibited by methyl-p-phenylethylcarbinol. 


Experiments with esters of methyl-n-hexylcarbinol. 

The acid phthalates of methyl-n-hexylcarbinol Were prepared as inter¬ 
mediates in the resolution of the alcohol, and as they were found not to be 
hydrolysed by the enzyme, their inhibitory properties were tested. The sur- 

13—2 
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prising result was obtained that the dextro-form inhibited more than the 
laevo-form as the following table shows: 

Molar concentration of inhibitor 

00001 0 0002 0-00045 0 0009 0 0018 

Percentage inhibition by dextro-form 10 33 49 00 75 

Percentage inhibition by laevo-form 13 27 40 51 04 

The difference is not so great as with the alcohols, but is well marked. No 

explanation of this phenomenon is suggested at the present time. 

In view of this unexpected phenomenon, the acetates of the three forms 
were studied. Like the phthalates, they were not hydrolysed by the enzyme. 
The dextro-acetate was given to us by l)r Kenyon, the laevo- and racemic 
forms were prepared by ourselves. In this case the result was that all three 
forms gave nearly the same curve (Fig. 6). This curve differs however from 
all the others investigated in that it becomes flat at about 70 % inhibition, 
instead of continuing toward total inhibition. It is possible that this is due 
to the limit of solubility of the substances, but this view is rendered unlikely 
by an experiment in which ethyl propionate was used as the substrate. The 
curve of inhibition is again much steeper with this substrate, and flattens at 
about 85 % inhibition, but at a concentration where the curve lor ethyl 
butyrate is still rising. 



Fig. 0. Hydrolysis of ethyl butyrate inhibited by /i-oetyl acetate. 

Comparison of sheep-liver and rabbit-liver esterases . 

When rabbit-liver esterase is used in a similar manner to that described 
with sheep-liver esterase, the optimum concentration of substrate is higher 
[cf. Bamann and Schmeller, 1929] being about 1*5 mg. ethyl butyrate instead 
of 0*6, and the Michaelis constant is correspondingly larger. The inhibitory 
power of the two isomers of methyl-n-hcxylcarbinol was found to be very 
nearly the same for both forms, the laevo-form inhibiting perhaps slightly 
more than the dextro-form. This was somewhat unexpected since Bamann 
[1929] found the enzyme to differentiate quite markedly between the two 
forms of ethyl mandelate, but the Michaelis constant was only determined 
for one form. 
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Discussion. 

The fact that the two optical isomers differ in the extent to which they 
inhibit hydrolysis tends to dispose of the objection that the inhibition is 
merely physical in nature. The similarity of the relation between the forms 
of the three alcohols further points to a chemical basis for the phenomenon. 
An asymmetry of the combining group of the enzyme itself probably raises 
the affinity for one configurational series and lowers it for the antipodal 
series. It may prove possible to relate this selectivity with that observed in 
the esters of the hydroxy-acid series. Of the esters, either ethyl or methyl, 
of maiulelic acid, sheep-liver esterase has the greater affinity for the dextro- 
forrn. It is known, however [Freudcnberg, Brauns and Siegel, 1923], that 
dextro-mandelie acid is configurationally related to the laevo-series, so that 
the same grouping in the enzyme structure may be the deciding factor of 
both phenomena. 

Although the combination almost certainly occurs at the polar carbinol 
group, the remainder of the molecule plays an important part in the process, 
and appears to determine the measure of the affinity. The length of the 
non-polar hydrocarbon chain is an important factor, thus the phenyl group is 
very weak in comparison with the aliphatic six carbon chain, while the intro¬ 
duction of two —CII 2 — groups, between the phenyl and the polar group 
greatly increases the affinity. Preliminary experiments (not recorded in the 
text) show that one —CII 2 — group, as in methylbcnzylcarbinol, is as effective 
as two, while ethyl-w-hexylcarbinol appears to be more active than the methyl 
compound. Further work will be carried out on the effect of substituted and 
non-substituted hydrocarbon chains of varying length. 

Summary. 

1. The relative affinities of pairs of optically active secondary alcohols 
for liver esterases have been studied by observing the extent to which their 
presence inhibits the hydrolysis of ethyl butyrate or ethyl propionate. 

2. The laevo-forms of metby 1-a-hexylcarbinol, methylphenylcarbinol and 
methyl-j8-plienylethylcarbinol inhibit sheep-liver esterase about four to five 
times more strongly than the dextro-forms, showing that their affinity is 
much greater. 

3. With rabbit-liver esterase the inhibition caused by both dextro- and 
laevo-alcohols is practically the same, showing that any difference of affinity 
is very small. 

4. The anomalous behaviour of esters of the alcohols is described. 

5. The theoretical implications of the phenomena are discussed. 

Our thanks are due to Dr J. Kenyon of Battersea Polytechnic, for 
supplying the compounds mentioned and some others. It is a pleasure to 
acknowledge the constant interest of Sir F. G. Hopkins and Mr J. B. S. 
Haldane in this investigation. 
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(Received December 12th , 1929.) 

Since carrying out this work we have noted that Colonel McCarrison in 1924 
published in the British Medical Journal his results on the effect of “artificial” 
and also cattle manure on the nutritional value of certain grasses. We have 
also found that H. Hunt at Ohio Agricultural Experiment Station in 
December 1927 performed certain experiments on the effect of what we now 
call artificial manures on certain wheat plots. We were unaware of this work 
until a few weeks ago, but we note that our work confirms McCarrison’s. 

This research was undertaken because one of us (M.J.R.) had noticed 
that pigs which were fed on home grown and home ground barley and wheat 
always did much better than those pigs which were fed on purchased barley 
and wheat, and that certain cattle did better on certain fields. It was decided 
to find out whether this was due to the lack of lime or of other mineral con¬ 
stituents of the land. The results of this investigation were not satisfactory. 
It was then decided to try the effect of artificial manure versus dung. In this 
experiment pigs' excreta mixed with straw were used. These pigs were fed on 
a diet consisting of 10 % of a proprietary product (containing meat meal, rye 
and wheat embryo which is high in its vitamin B content, bone meal and 
cod-liver oil), 40 % of barley meal, and 50 % of middlings. 

Two areas of land were pegged out in the same field, on the same side so 
that both had the same amount of sunlight. The drainage was equal from 
both areas. This field had previously been an arable one and had grown 
cabbages in the fifth year before this experiment was carried out, and in the 
fourth, potatoes. It was then ploughed up and sown with seeds which were 
made up to contain a small quantity of the different clovers. These seeds 
were sown with a nurse crop of wheat in 1927, the wheat having been sown 
in the previous year, 1926, In 1927 the seeds were cut at the time when the 
wheat was reaped. The field was lightly fed in the autumn of 1927. In 1928 
it was cut for hay and grass. In the autumn of 1928 one portion of the land 
was dunged at the rate of 20 loads of dung to the acre, which is the usual 
dressing used by the farmer. The other portion was manured with artificial 
manure, 20 cwt. basic slag plus 3 cwt. kainite to the acre, and in the spring 
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of 1929, 1 cwt. of sulphate of ammonia was applied as a top dressing. In 
July 1929, these areas were cut by hand and were gathered as soon as dried 
and placed in separate barns. There was undoubtedly a bigger growth in the 
dunged area, but not so weighty as that in the artificially manured area. 
There was more clover in the artificially manured patch. This is what would 
be expected as the result of manuring with the basic slag. The analysis of 
the grass seeds showed little difference: 


“Dung” grass seed 
“Artificial” grass seed 


Protein 

Moisture 

Fibre 

Ash 

Phosphorus 

0/ 

/o 

0/ 

A> 

o/ 

/o 

% 

% 

12*7 

5*8 

19-4 

9*0 

0*44 

11*7 

6*0 

21*6 

10-5 

0*33 



It was evident that grass seeds with such a large fibre percentage were 
not an ideal diet for the rat, but we decided to test their vitamin B content. 

The University College vitamin B deficiency diet of Prof. Drummond was 
used—rice starch, caseinogen, salt mixture and cod-liver oil. To this were 
added varying percentages of the grass seeds. Two groups of experiments 
were carried out, preventive and curative. 

In the preventive test, the rats were divided into two lots; one lot was 
put on deficiency diet to which was added 20 % of the “dung” seed, the other 
on deficiency diet with 20% of the “artificial” seed. After 21 davs the 
percentage of seeds was increased to 25 for a further 11 days. The rats on 
the “dung” seed showed good growth or a slightly subnormal growth* 
Figs. 1 and 2 are examples of these two types. The rats on the “artificial” 
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seeds all grew very poorly, not one giving normal growth. Figs. 3 and 4 
illustrate two of these rats. The average growths of the two sets of rats are 
shown in Fig. 5, the continuous line representing the “dung” seed rats, the 
broken line the “artificial” seed ones. It can be seen that the former have 
gained nearly twice as much as the latter, 45 as against 23. The rats on the 
“artificial” seed were in a poor condition; in some the hair was falling out. 

In the curative test rats were put on a vitamin B deficiency diet for 
18 days, when all were losing weight. Half of them then had 25 % of “dung” 
seeds added to their diet and immediately resumed a normal growth curve 
(Figs. 6, 7, 7 a). The other half had 25 % of “artificial” seeds added to their 



Da y® Days 

Fig. 7. Rat /fto (<J ). Fig. 7 a. Rat fin (). 


diet. Their condition did not improve but got steadily worse, so that after 
3 days it appeared that some of the animals would not live more than a few 
hours. Their condition was one of typical vitamin B deficiency; they were 
wasted, hunched and shedding hair. At the suggestion of Prof. Drummond 
who saw the animals at this time the diet was changed from “artificial” to 
“dung” seeds. The immediate result was that the rats rapidly recovered, and 
now showed a normal growth curve (Figs. 8, 9, 9 a). 

It would seem that a plant may absorb vitamin B from the land, and that 
the vitamin B content of any food may be dependent upon the amount of 
this vitamin in the land. Possibly the view that vitamin B is manufactured 
entirely in the plant and stored in the embryo is incorrect, and our suggestion 
would acoount for the variations in the results of tests carried out by different 
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workers. One worker states that in his experimental work a certain food 
contains vitamin B; another worker using the same type of food differs 
entirely in his findings, and we consider that the food that is being tested is 
not the only point which is of importance. If these results are correct, they 
have a considerable bearing upon agriculture and nutrition. 

Further research along these lines is being carried out and the faeces of 
pigs fed on the above experimental diet are being tested for the presence of 
vitamin B. 


(Note added January 27th , 1930.) Since sending this paper for publication, 
dung from pigs has been tested for its vitamin B content. The pigs were 
fed on the diet described at the beginning of the paper. An extract was 
made from the dung with slightly acidified 50 % alcohol. This was con¬ 
centrated by distilling in vacuo, and the concentrate fed to rats that were 
losing weight on vitamin B deficiency diet. Good growth was promptly begun, 
showing that there is a considerable quantity of vitamin B in the dung. 



XXVII. NOTE UPON THE SULPHUR LINKAGE 

IN WOOL. 


By CLAUDE JRIMINGTON. 

From the Biochemical Department, British Research Association for the 
Woollen and Worsted Industries, “ Torridon” Headingley , Leeds. 

{Received December 7th, 1929.) 

Although the greater part of the sulphur present in wool-keratin can be 
accounted for as cystine [see Rimington, 1929], the actual state of combina¬ 
tion of this amino-acid is still a matter of considerable uncertainty. Thus, if 
cystine were in simple polypeptide linkage in the protein, it would be expected 
that suitable treatment of the wool fibre would reveal the presence of free 

disulphide (.-S.S-—) or sulphydryl (—SH) groups. That this expectation is 

not realised will be clear from the experiments recorded here. It seems 
necessary to conclude that the cystine-sulphur groups in wool are involved 
in some complex ring system or otherwise obscured so that they cannot react 
as does free cystine. 


Experimental. 

A sample of 50’s crossbred wool was degreased in warm benzene and then 
washed thoroughly in many changes of distilled water. Portions of about 
0-05 g. were weighed out and subjected to various treatments recorded in 
Table I. Unless otherwise stated the duration of each test was 24 hours, the 
tubes being stoppered and left in a dark cupboard. After washing, the lock 
of wool was divided and tested for free —S. S— and —SIl groups in the way 
recommended by Walker [1924, 1925] using 10 cc. of saturated ammonium 
sulphate as suspending fluid, and also for general damage by the Pauly 
reagent. It has been shown by Burgess [1928] and by Burgess and Rimington 
[1929] that undamaged wool remains uncoloured when immersed in the Pauly 
reagent, whereas fibres which have suffered mechanical or chemical injury 
are stained a brownish-red colour proportional to the extent of the injury. 

The results are given in Table I, one or more plus signs being used to 
indicate the intensity of a positive reaction. 

An examination of these results warrants the following statements. 

(1) Treatment to which free cystine responds readily has little effect upon 
the sulphur groups in wool. (Compare the effect of reducing agents.) 

(2) Considerable alteration of, or “damage” to, the fibre may take place, 
as indicated by the intensity of the Pauly stain, without any parallel increase 
occurring in the nitroprusside —S. S— or —SH reactions. If, as is generally 
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Table I. 


Treatment 

Duration 

—S.S— 

—SH 

Pauly 

reaction 

Remarks 

Control 


_ 



+ 

— 

Boiling water 

20 

mins. 



(tips only) 

+ No change in appearance 

45 




(patohy) 
+ + 

Yellowish. Characteristic 

>t 

1 

hr. 



(patchy) 
4 + 4 

smell appears 

Brownish. Pauly stains 


3 

hrs. 

+ 


+ + + 

most intense on dis¬ 
coloured portions 

Pauly stain general 

Absolute alcohol 

24 

99 

(faint) 

± 


4- 


Formalin 5 % . 

18 

99 



(tips only) 

± “ — 

Saturated H 2 S solution 

18 

99 

+ + 


_ 

— 

Ultra-violet radiation 

80 

99 

+ + 

- 

4 + + + 

Pauly stain general 

Enzymes: 

3-3 % trypsin (p H 8-0) 

48 

99 

+ + 

_ 

+ 4 + 

Pauly stain general 

2*02 % pepsin ( p n 1*2) 

48 

99 


- 

+ 


0* 1 N NaOH alone 

24 

99 

+ + 

± 

+ 4 

— 

Bacteria : 

B. eubtilis (saline) 

5 

days 



4 + 

Growth poor 

B. subtilia (broth) 

5 

+ 


+ + + 

Pauly stain general 

B. mescntericus ruber 

5 


(tips only) 


+ 


(saline) 

B. meaentericua ruber 

5 

tt 

± 


4 + + 

Pauly stain intense in 

(broth) 

Reducing agents: 
Sodium sulphite 1 % 

18 

hrs. 


+ 


places 


66 

»» 

± 

(tips) 

± 

4 


Sodium sulphite 4 % 

18 

tt 


+ 

(tips) 


n 

66 

tt 

+ 

(tips) 

+ 

+ + 

Pauly stain fairly general 

Sodium sulphite 1 % in 

18 

tt 

(tips) 

(tips) 

+ + 4- 



0*1 N sodium hydroxide 

»» it 

66 

tt 

+ + 

+ + + 

+ + + + 

Pauly stain strongest at 

Sodium hydrosulphite 1 % 

18 

tt 


± 


tip 

rt 

66 

*t 

- 

- 

+ 

Fibres have a white. 

Sodium hydrosulphite 4% 

18 

tt 


± 

(tips) 

bleached appearance 

»» 

66 

tt 


± 

+ 

— 


Sodium hydrosulphite 1 % 18 
in 0*1 N sodium hydroxide 


+ 4 + 

4- + 

+ 4 4- 


(tips) 




Fibres very yellow; stain- 
ing patohy 


4 4 4 Fibres have a soapy feel 


66 ,, + + 

5 % suspension of calcium 18 „ 
oxide in 1 % sodium 
^sulphite 

9 * it 66 „ + + + 

Cystine solution (0-3 % in water plus sufficient HC1): 

10 cc. of solution used, to which the following reagents were added to produce solutions of 
the concentrations indicated. 

Sodium sulphite 1 % 18 hrs. ♦ + + + # _ 

» 4 % 16 tt • 4 + . .— 

Sodium hydrosulphite 1 % 18 „ . + + + „ _ 

» 4 % 18 „ . + 

5 % suspension of calcium 18 „ Faint pink changing immediately to yellow 
oxide in 1 % sodium 
sulphite 



SULPHUR LINKAGE IN WOOL 


207 


supposed, the behaviour of the wool fibre towards the Pauly reagent is con¬ 
ditioned solely by the state of the epidermal scales, acting as an impenetrable 
sheath unless mechanically or chemically disrupted, then it would be expected 
that also in the case of the nitroprusside reaction, where damage was extensive, 
staining of the cortex would occur. That this is not so seems to show that 
the failure of the nitroprusside reaction can only be interpreted as indicating 
the absence of -~S. S— and —SH groups. 

(3) With the exception of exposure to ultra-violet radiation, only one 
treatment can be recorded—the action of alkaline solutions—which has been 
found to have any marked effect upon the sulphur groups of wool. Ultra¬ 
violet radiation causes the appearance of —S. S— groups only, whereas after 
immersion in alkalis the fibre shows positive reactions for both —S. S— and 
—SH. 

Discussion. 

Whilst so little is known concerning the structure of proteins, it is im¬ 
possible to offer a precise explanation of the results recorded in this paper. 
The keratins, especially, are a group which exhibit many characteristics not 
met with in typical proteins. The stability and chemical inertness typical of 
their class have for various reasons been ascribed to the high proportion of 
sulphur which they contain. The present results show that the sulphur 
groupings are much less reactive than might have been expected when the 
lability is recalled of such compounds as cystine peptides and anhydrides. 

It would appear that in wool the cystine molecules are bound in some- 
manner involving the sulphur groups and thereby depriving them of reactive 
freedom. Undenatured egg-albumin presents a somewhat similar case, giving 
no nitroprusside reaction; on denaturation, however, by whatever means this 
is accomplished, a strong —SH reaction develops [Harris, 1923]. Blood-serum, 
normally non-reactive, develops —-S. S— groups on denaturation. 

Further work is in progress directed towards the elucidation of the sulphur 
linkage in wool. 

Summary. 

1. The action of a variety of reagents upon wool has been studied and the 
conclusion drawn that the sulphur groups of wool are less simple than those 
of free cystine. ' 

2. Free —S. S— or —SH groups are not present in undamaged wool and 
can only be induced by the action of alkalis or of ultra-violet radiation. 

The author wishes to thank Mr A. T. King of this Association for his 
interest in these studies. 
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XXVIII. A QUANTITATIVE STUDY OF SUCCINIC 

ACID IN MUSCLE. 

III. GLUTAMIC AND ASPARTIC ACIDS AS 
PRECURSORS. 

By DOROTHY MOYLE NEEDHAM. 

From the Biochemical laboratory, Cambridge. 

(Received December 30th , 1929.) 

Introduction. 

That formation of succinic, malic and fumaric acids takes place in minced 
muscle from some unknown precursor has been shown in a previous paper 
[Needham, 3927j. It was also shown that increased formation of these acids 
followed under anaerobic conditions upon addition of glutamic and aspartic 
acids to the mass [Moyle, 1924]. In the present work the action of muscle 
tissue on these two amino-acids and their possible role as precursors of 
succinic acid in the muscle have been investigated. 

The production of one molecule of succinic acid from one molecule of 
aspartic or glutamic acid must involve the removal of nitrogen in some form. 
It very soon became clear that this form is not ammonia, and further experi¬ 
ments failed to show any increase in urea, uric acid or amide-nitrogen in the 
muscle samples during the increased production of succinic acid. Indeed, the 
amino-nitrogen content of these samples estimated by Van Slyke’s method 
was found to be simply the sum of the amino-nitrogen content of the controls 
plus the amino-nitrogen of the added glutamic or aspartic acid. If one assumes 
that the same reactions are taking place in oxygen as under anaerobic con¬ 
ditions, but to a greater extent owing to removal of oxidisable reaction 
products, it might be expected that in oxygen it would be easier to detect 
some accumulation of nitrogenous non-oxidisable end-products. Estimations 
of the oxygen uptake in a Barcroft apparatus showed that, with added 
glutamic or aspartic acid, the increased oxygen uptake was sufficient to 
account for complete oxidation to carbon dioxide, water and ammonia of 
from one-half to the whole of the added amino-acid. Nevertheless, no change 
in the soluble nitrogen fractions could be found, with the exception of a very 
slight setting free of ammonia. Two possible explanations of these unexpected 
results were next considered. 

In the first place, the increased oxygen uptake consequent upon adding 
these two amino-acids occurs (in the case of pigeon muscle) to any extent 
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only with unwashed muscle, which shows a very high respiration of its own. 
Washing the muscle with distilled water reduces the oxygen uptake of the 
control to about one-tenth of the original value, but it reduces still more 
the excess oxygen uptake in the samples containing amino-acid. The possi¬ 
bility therefore arises that the glutamic and aspartic acids are acting simply 
as stimulants, bringing about increased oxidation of other substances. These 
two amino-acids themselves have no specific dynamic action in the body, 
but it was thought that, if small amounts of glycine or alanine were formed 
from them, these might stimulate an increase in carbohydrate metabolism in 
the muscle; or possibly that traces of ammonia split off by increasing cell 
permeability might bring about an increase in oxidation. Quantitative ex¬ 
periments, however, lent no support to this view, all the other amino-acids 
tried, and ammonium salts in different concentrations, having no stimulatory, 
but rather an inhibitory effect on muscle respiration. It is also difficult to 
suppose that the succinic acid production following addition of these acids 
is stimulated from some other source. Further, by direct estimation of the 
free aspartic acid it was possible to show that the amount present had under¬ 
gone diminution, although the ami no-nitrogen of the sample remained 
constant. 

Tn the second place, it is possible that the amino-group of the glutamic or 
aspartic acid may combine with some carbon chain in the muscle, succinic 
acid and a new a-arnino-acid thus being formed. This possibility is further 
considered later. 

Formation of succinic, malic and fumaric acids from 

GLUTAMIC AN D ASPARTIC ACIDS. 

The muscle was always used as rapidly as possible after the death of the 
animal. In the case of beef, muscle removed from the neck of the bullock 
immediately after slaughtering was brought at once to the laboratory in a 
cooled pan; a long cylindrical muscle could then be dissected out with little 
injury, and this, after cooling to about 5°, was minced. The pigeons were 
killed by bleeding, and were then placed breast downwards on ice for some 
minutes before dissecting off the breast muscles. The muscles were placed in 
beakers surrounded by ice for about 15 minutes and minced when their 
temperature had fallen to about 5°. The frog muscles were dissected off and 
cooled before mincing. 

The minced muscle was weighed out into equal samples (20-50 g. being 
used for each), and each sample was suspended in 2 volumes of 1*4 % 
Na^HPC^,2H 2 0, in a Buchner flask. To certain of the flasks the aspartic or 
glutamic acid, or a mixture of the two, was then added (the amino-acids 
having been neutralised with sodium hydroxide); an equal volume of water 
was added to the controls. The flasks were closed with rubber stoppers, and 
were all evacuated for several minutes; hydrogen was then introduced. The 
evacuation and falling with hydrogen was repeated twice more. When beef or 

Bioohem. 1930 xxiv 
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pigeon muscle was used, the flasks were kept about 2-3| hours at 37°; when 
frog muscle was used, they were kept at room temperature for about 26 hours. 
In many of the experiments the vessels, instruments, etc. were all sterilised 
by autoclaving; it made no difference to the results whether this precaution 
was taken or not. 

The results are set out in Table I. 






Table I. 







Total 









acids 


Extra 






Succinic 

as mg. 

Malio 

acid 

Averages 




acid 

succinic 

acid 

formed 






mg. 

acid 

mg. 

mg. 


Extra 

Extra 

No. of 

Acid added g. per 

per 

per 

per 

pel* 


succinic 

total 

exp. Material 

1(H) g. muscle 

100 g. 

100 g. 

100 g. 

100 g. 

Acids added 

acid 

acids 

81 Beef 

04 HA + 04 J1U 

834 

— 

— 

07*8 





Control 

15*6 







82 Beef 

1-3 HO 

52*8 

— 


28-8 






45*9 


. 

21*0 





1-3 HA 

430 

.... 


19*0 





Control 

24*0 







8 3 Beef 

(Mi HO+(>•(! HA 

140 


.... 

121 






130 


.... 

105 






134 

— 

— 

109 





Control 

20 

23 







84 Beef 

047 110+0 0 HA 

54*4 

_ 


37*0 

0*49 11(1+0*53 H A 

71*9 



14 HO 

43*2 

— 

— 

25*8 

1*35 HO 

25*5 



Control 

174 




1 *3 H A 

21*0 


SO Beef 

0-7 HAh-0'7 HO 

— 

J 26 

— 

110*0 





Control 


154 






8 0 Pigeon 

10 HO+10 H A 

243 

— 

— 

214*8 





Control 

28*2 







8 7 Pigeon 

2 HO 

— 

85*2 

— 

37*3 




(seeN 1) 

1 HO + 0-88 HA 

— 

140*0 

— 

98*1 







(too low) 


(too low) 





Control 


47*9 






S 8 Pigeon 

132 HA 

— 

130*9 


890 




(see N8) 

0’75 HO + 0 00 HA 


228*2 

— 

170*3 




89 Pigeon 

0-5 HO +0'5 H A 

. 

2890 

40 

24 M 

0(12 H('}+0-, r >8 HA 


205*7 


10 HO 


114*0 

O 

00*7 

l f» HO 


52*0 


10 H A 


157*0 

24 

109*1 

1-2 HA 


99*0 

810 Washed 

0-5 HO+O n HA 

- 

113*2 

— 

107*2 




(see N 3) pigeon 

Control 


0*0 






811 Washed 

0'5HO+0'5flA 


188 

40*2 

182*0 

0-5 11(3 + 0-5 HA 


144*6 

pigeon 









812 Pigeon + 

10 HA 

— 

256*5 

157*0 





toluene 

10 HO 

— 

109*0 

0*0 





813 Frog 

05 HO +0-5 HA 

— 

181 

45 

152*5 





I'd HO 

..... 

95*5 

0 

07*0 





10 HA 

— 

151*0 

50 

122*5 





Control 


28*5 






SI4 Washed 

0-5 HO +0-6 IIA 

— 

75*5 

17*5 

37*0 




frog 

10 HO 

— 

47*0 

0 

8*5 





10 HA 

— 

354 

0 

0 





Control 


38*5 







Exps. SI, 82, S3, S4 and 86 were carried out by the earlier method for 
succinic acid only. In the other experiments the three acids together (succinic, 
malic and fumaric) were obtained as silver salts; the silver was estimated,' 
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and the result is expressed in the fifth column as succinic acid. The malic 
acid was also estimated separately in some cases. It is to be supposed that 
this malic acid has been formed, under the influence of fumarase, by hydration 
of fumaric acid, and that it is in equilibrium with the latter; as the equilibrium 
mixture consists of about 70 % malic and 30 % fumaric acid, about one and 
a half times the succinic acid equivalent of the malic acid figures must be 
subtracted from the total acid figures to obtain the true succinic acid values. 
The control value of Exp. S7 is used also for S8 and S9 in calculating the 
extra acid formed; the control value of S10 is used also for SI 1. 

In all the experiments it appears very definitely that the addition of 
glutamic and aspartic acids together to the same muscle sample has a greater 
effect in increasing the succinic acid production than addition of an equivalent 
amount of either acid alone. The reason for this is not clear. Possibly two 
enzyme systems are concerned, one with glutamic acid and the other with 
aspartic acid breakdown; the fact that with washed frog’s muscle aspartic 
acid is quite inactive, while glutamic acid gives rise to a marked succinic 
acid production and oxygen uptake, also suggests two separate systems. If 
each system is saturated when only 0*5 g. of the amino-acid is added to 100 g. 
muscle, then adding 1 g. would have no greater effect, and one would expect 
to obtain, by adding 0*5 g. of each to the same sample, the sum of the results 
obtained by adding 0*5 g. of each to two different samples. Actually, rather 
more than the sum is obtained; the simple hypothesis breaks down par¬ 
ticularly, however, in the case of the washed frog’s muscle, where, while 
aspartic acid alone is quite untouched, aspartic and glutamic acids together 
not only give a greater yield of total acids than does glutamic alone, but give 
a high percentage of malic acid. The figures obtained are not numerous 
enough for a detailed analysis of the results of adding the acids separately 
and together, or for the explicit formulation of any theory of multiple enzyme 
systems. 

The highest yield of succinic acid obtained from the mixed amino-acids 
corresponds to about 37 % of the added amino-acids; with glutamic acid 
alone it corresponds to about 11 %, and with aspartic acid alone to about 
15 %. When the malic acid is estimated, it is found to appear only after 
addition of aspartic acid or of aspartic and glutamic acids together; with 
glutamic acid alone no malic acid production could be found. Quastel and 
Woolf [1.926], working with B. coli , showed that aspartic acid gives rise to 
ammonia and fumaric acid. In absence of growth inhibitors such as toluene, 
the fumaric acid is reduced to succinic; but the presence of toluene inhibits 
this reduction. It was now similarly found with muscle (see Exp. S12) that 
in presence of toluene, aspartic acid gave rise to a much higher percentage of 
malic acid—about 54 % instead of 20 %. The experiment was performed 
exactly as usual, except that to the buffer solutions 10 % by volume of 
toluene was added. Succinic acid only was obtained by adding glutamic acid 
in this experiment as in the others. It seems, then, that in the muscle succinic 


14—2 
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acid is formed directly from glutamic acid, while in the case of aspartic acid, 
fumaric and malic acids first appear, and are then reduced by reducing sub¬ 
stances in the muscle to succinic acid. 

In Exps. S10, Sll and S14, the muscle was washed (by shaking gently 
for 20 minutes in 10 volumes of ice-cold distilled water), and then strained 
through muslin. (The results given are per 100 g. of muscle before washing; 
the weight sometimes differed slightly after the process.) In the case of the 
pigeon, washing did not very greatly inhibit the production of succinic, malic 
and fumaric acids from glutamic and aspartic, although the muscle alone 
showed practically no production; with the frog, production from the muscle 
alone seemed to be unaffected, and some increased production took place 
from added glutamic, and from the two amino-acids together, but not from 
aspartic acid. 


Table II. 





Total acids as mg. 

Malic acid 

No. of 


Acid added g. per 

succinic acid per 

mg. per 

exp. 

Material 

100 g. muscle 

100 g. 

100 g. 

01 

Pigeon 

2 HA+ 2 HO 

49-0 

30 



Control 

10'8 

2 

02 

Pigeon 

2 HA+2 HO 

27'2 

12 



Control 

~9*28 

.... 

03 

Pigeon 

5 HS 

3*070 

2*700 



5 HF 

3*070 

2*800 



3 HO+ 3 IIA 

350 

370 

04 

Pigeon 

5 HS 

3840 

3400 


(washed) 

5 HF 

3840 

3000 



5 acetic acid 

30 



A few experiments were also carried out on the progress of events in 
oxygen (Table II). Here small but definite amounts of the total acids were 
obtained; in the case of the controls these seemed to consist almost entirely 
of succinic, but in the samples to which glutamic and aspartic acids had been 
added, they consisted partly or wholly of malic and fumaric acids. In 
Exp. 01 the muscle was suspended in 4 volumes of 1 % NaCl at 35° for 6 hours; 
oxygen was bubbled through the bottles, which were shaken at intervals. 
In Exp. 02 the conditions were the same except that the bottles were filled 
with oxygen and shaken on a shaking machine; at the end of the experiment 
the muscle appeared brown and coagulated, perhaps owing to too violent 
shaking. In Eip, 03 the muscle was suspended in 5 volumes of 1-4 % phos¬ 
phate, the bottles were |illed with oxygen and shaken very gently in a 
Barcroft-bath. In order to compare what happened in similar circumstances 
with succinic and fumaric acids, these acids also were added to certain 
samples. With the unwashed muscle it is seen that, in both cases, about 
60 % of the original amount added is recovered. As the method gives results 
85 % of the theoretical, this means that 70 % remains after the oxidation 
time and about 30 % has been oxidised away. This 70 % consists entirely of 
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malic and fumaric acids. With the washed muscle, 77 % (corrected, 90 %) is 
recovered, and this also consists entirely of malic and fumaric acids. 

The free acid was in several cases prepared from the silver salts, as 
described in an earlier paper [Moyle, 1924]. The acid obtained, after addition 
of glutamic and aspartic acids, gave a sharp melting-point at 180-181°, 
when the method including permanganate oxidation was used. When the 
method giving the total silver salts was used, the acid prepared from these 
showed partial melting at 180°, which was not complete until 200°. Its 
behaviour resembled that of a mixture of succinic and fumaric acids. A 
sample of these “total acids'’ was tested for succinic acid in the following 
way. It was treated with five times its weight of p-toluidine, and heated 
for half-an-hour at 220°. The resulting mixture was treated with 50 % 
alcohol, and the crystalline precipitate of succinotoluidide was filtered off and 
washed. It was recrystallised from boiling alcohol, washed and dried at 100°; 
m.p. 258°. 


The fate of the amino-group. 

The attempts to find changes in the soluble nitrogen fractions during the 
production of succinic, malic and fumaric acids from glutamic and aspartic 
acids are summarised in Table III. 


Table III. 


No. of 


exp. 

Material 

Nl 

Pigeon 

(see IS 7) 

(anaerobic) 

N2 

Pigeon 

(anaerobic) 

N3 

Washed pigeon 

(see S10) 

(anaerobic) 

N4 

Pigeon 

(anaerobic) 

No 

Pigeon 

(anaerobic) 

NO 

Pigeon 

(oxygenated) 


Acid added g. 
per KM) g. 

1*0 HG +0*88 HA 
Control 

10HO f P0 HA 
Control 

POHfHlOHA 

Control 

F2 HO+ 15-2 mg. 
ammonia-N 
Control 

0*0 HG +0*5 HA +13*7 
mg. ammonia-N 
Control 

006 HG +0*06 HA 
Control 


Am- Uric 1 

monia-N Urea-N acid 
mg. per mg. per mg. per 
100 g. 100 g. 100 g. 

14-5 0 

13*0 0 

10*5 0 2*75 

10-5 0 2*12 

0*2 0 

0*2 0*2 — 

20*1 — 

13*2 

21*8 - — 

11*5 

200 — - 

14*7 


Amide-N 
mg. per 
100 g. 


12 

11 

85 .. added NH 3 
recovered; none 
formed from HG 
75 % added Nil* 
recovered; none 
formed from HG 
and HA 

— 0 mg. per 100 g. 

NH 3 -N formed 


The ammonia and urea were estimated in the first experiments (Nl, N2 
and N3) by Folin and Wu’s [1919] method; in the later experiments (N4, 
N5 and N6) the ammonia was estimated by a modification of Stanford’s 
method [1923]. The entire sample (about 2-5 g.) in 2 vols. of phosphate 
solution was washed into the distilling flask; saturated borate solution was 
used instead of soda. The vacuum distillation was carried out at 45° and 
15 mm. pressure; for 5 minutes the apparatus was shut off from the pump, 
then for 5 minutes connected with it. For 10 minutes a very slow stream of 
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ammonia-free air was drawn through. Under these conditions, with the 
original volume of liquid in the flask about 30 cc., 80 % of the ammonia 
present could be estimated. This yield is low but quite constant, and the 
method has the advantage of working at a comparatively low temperature. 

When an extract of the muscle was used, in order to make sure of ex¬ 
tracting the ammonium salts without driving off any ammonia, the samples 
were either (1) treated with alcohol containing enough HC1 to bring the 
final p u to about 6-0, the alcohol being afterwards removed; or (2) treated 
with dilute HC1 to bring to p n 6* 0-6*5, and coagulated by plunging the 
vessels into a boiling water-bath. This technique was only used if the samples 
were small, and therefore could be almost instantaneously coagulated by heat. 

Uric acid was estimated by Benedict and Franke’s method [1922], using 
the slightly acid (p n 6*0) aqueous extract. This was neutralised and evaporated 
and traces of protein were filtered off. 

For the amide estimations the samples after incubation were washed into 
round-bottomed flasks and rapidly coagulated in a boiling water-bath. HC1 
was added to make the concentration 5 % by volume, and the contents of 
the flasks were hydrolysed for 2 hours, under reflux condensers. At the end 
of this time they were partly neutralised with Na 2 C0 3 . The ammonia present 
was estimated by Folin and Wu’s method, and the amide-nitrogen found by 
subtracting the ammonia present before hydrolysis. 



« 

Table IV. 

Van 

Average 
values 
mg. per 
100 g. for 

No. of 



Slyke-N 

amino-N 



mg. per 

of muscle 

exp. 

Material 

Acids added g. per 100 g. 

100 g. 

alone 

N 7 

Pigeon 

0-44 HO + 0-44 HA (amino-N 88*8 mg.) 

143 

52*7 


(anaerobic) 

Control 

145 



(oxygenated) 

0*44 HO +0*44 HA (amino-N 88*8 mg.) 

139 




Control 

138 


N 8 

Washed pigeon 
(anaerobic) 

0*54 HO-f 0*54 HA (amino-N 108*5 mg.) 

133*0 

15 

(see 811) 

Control 

116*4 


(aerobic) 

0*54 HO-f 0*54 HA (amino-N 108*5 mg.) 

117 




Control 

128 


N9 

Washed pigeon 

0*48 HOf 0*48 HA (amino-N 96 mg.) 

114*4 

18 


(oxygenated) 

Control 

113*0 


N10 

Washed pigeon 

0*5 HO + 0*5 HA (amino-N 100*5 rag.) 

94 

13*5 

(see B2) 

(aerobic) 

Control 

122 



HA 1 g. (amino-N 105 mg.) 

129*8 




Control 

118*0 


Nil 

Pigeon 

1 g. HA (amino-N 105 mg.) 

175*8 

69*3 

(seo A3 
and B19) 

(aerobic) 

Control 

172*8 


N12 

Pigeon 

1 g. HA (amino-N 105 mg.) 

179*8 

67*9 


(oxygenated) 

Control 

166*0 



For the estimations of free amino-nitrogen a modification of Parnas and 
Wagner’s procedure [1914] was used. The samples were first coagulated in a 
boiling water-bath; they were cooled in ice, and HC1 was added to make the 
concentration 0*25% (by volume). The flasks stood at 0° overnight; next 
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day the muscle was strained off, ground with more 0*25 % acid, and strained 
again. The grinding and straining was repeated once more; the filtrate was 
filtered through paper, neutralised and evaporated. It was centrifuged, and 
the clear centrifugate was made up to a known volume, of which parts were 
used for estimations in the Van Slyke apparatus. In some cases, any soluble 
protein was removed by adding trichloroacetic acid to a concentration of 
4 % before centrifuging. This treatment did not seem to affect the results. 

In all the experiments in which nitrogenous fractions were to be estimated, 
the p n of the buffer solution in which the muscle samples were suspended 
was 7-0-7-4; 1*4 % Na 2 HP0 4 ,2H 2 0 was taken and brought to the required p n 
by adding phosphoric acid. For the anaerobic and some of the aerobic 
experiments, 2 volumes of buffer solution were used; for the later aerobic 
experiments (N9, N12), 5 volumes were used. In all the aerobic experiments 
the vessels used contained a large volume of air or oxygen, which was renewed 
at intervals, and the vessels were shaken gently. The experiments lasted 
from 3 i to 5 hours at 37°. 

Exp. N1 was performed on the same material as S 7; N 3 on the same 
material as S10, and N8 on the same material as Sll. For Exp. N10 the 
material from the Barcroft cups of B2 was used, and for Exp. Nil the 
material from B19. 

No increase in ammonia could be shown under anaerobic conditions, in 
washed or unwashed muscle. The value obtained, about 14 mg. per 100 g., 
agrees satisfactorily with the maximum found for pigeon muscle by Parnas 
and Mozolowski [1927]. Control experiments showed that small amounts of 
ammonia, such as those equivalent to the amounts of extra succinic acid 
formed in the samples, added (as (NH 4 ) 2 S0 4 ) to muscle could be quantitatively 
recovered. It was thought possible that, in presence of excess of glutamic and 
aspartic acids, there might be combination between ammonia and these acids, 
whether as amide or in some other form. The ammonium salt w r as therefore 
added in presence of the glutamic and aspartic acid, but in these circumstances 
also could be quantitatively recovered. 

In oxygen a small liberation of ammonia took place; it amounted only 
to about 5 % of that contained in the added amino-acids. 

No increase in urea, uric acid or amide-nitrogen was found. 

In the Van Slyke experiments, the same amounts of glutamic and aspartic 
acids were added to the control samples immediately before the flasks were 
washed out into the coagulation vessel. In some cases, the amino-nitrogen 
was estimated on the muscle which had been in the Barcroft apparatus, and 
of which the actual oxygen uptake was known. No significant difference 
could be found between the results from the samples incubated with the 
amino-acids (either with or without oxygen for several hours), and those to 
which the amino-acids were added at the last moment. Control experiments 
showed that these two amino-acids are quantitatively extracted and esti¬ 
mated by this method, and the values obtained (by subtraction) for the 
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amino-nitrogen of the muscle alone closely resemble those found by Van 
Slyke [1913-14] for dog muscle and by Parnas and Wagner [1914] and 
Meyerhof [19^4] for frog muscle. 

Oxygen uptake on adding glutamic and aspartic acids. 

The measurements of oxygen uptake were made with Barcroft differential 
manometers and the results are given in Table V. The oxygen uptake of the 
muscle alone was measured by placing in one cup 1-5 ce. buffer solution and 
1*5 cc. water; in the other, 1*5 cc. buffer solution, 0*5 g. of muscle and 1 cc. 
of water. To find the increased uptake due to addition of the amino-acids, 
1-5 cc. of buffer solution and 0*5 g. of muscle were placed on each side, with 

1 cc. of water on one side and 1 cc. of the amino-acid solution (neutralised 
with NaOIl) on the other. The muscle was added to the solutions at 
the last moment before the cups were attached; the apparatus was shaken in 
the bath for 15 minutes with the taps open. The taps were then closed, and 
readings were made at intervals. In the earlier experiments, 10 drops of 
40 % potassium hydroxide were placed in the central cup for absorbing 
carbon dioxide; in later experiments, on the advice of Dr M. Dixon, a roll of 
filter paper soaked in 5 % KOH was placed instead in the cup, and projected 
from it. The bath was kept at 37° for the pigeon muscle, and at 20° for frog 
muscle. The oxygen uptake of the pigeon muscle alone fell off rapidly after 
about 3J hours; by the time an almost steady state was reached the oxygen 
taken up usually amounted to about 1800 mm. 3 for 0*5 g. muscle, although 
with some samples it was as high as 2400, and with others as low as 500, 
for no obvious reason. The increased uptake found in the presence of glutamic 
and aspartic acids usually varied with the respiratory activity of the muscle 
alone, being greater if the control respiration was high and lower if the control 
respiration was feeble. The calculated oxygen required for oxidation of 5 mg. 
glutamic acid to ammonia, carbon dioxide and water is 3330 mm. 3 ; for 5 mg. 
of aspartic acid it is 2220 mm. 3 : for half quantities of each, 2775 mm. 3 When 
5 mg. of the amino-acid was added, the increased oxygen uptake during the 
time of the experiment usually amounted to about 1500 mm. 3 , two-thirds to 
one-half of the calculated maximum. The extra uptake usually began very 
slowly, and after about 1 hour increased rapidly, to fall off again in another 

2 hours. When the experiment was stopped, the uptake usually con¬ 
tinued, but at a very slow rate. When 10 mg. of acid was added, about the 
same oxygen uptake occurred in the time, but from the shape of the curve 
was obviously quite incomplete. When 1 mg. was added, oxygen uptake 
practically came to a standstill by the end of the experiment. Here there was 
usually enough oxygen. absorbed to account for complete oxidation, and 
sometimes even larger quantities were absorbed (see Figs. 1 and 2). These 
last experiments may not be very reliable; the oxygen uptake of the muscle 
alone is so much greater than the increase caused by addition, that small 



SUCCINIC ACID IN MUSCLE 


217 


Table V. 





Total amount 






of extra 

Control 


No. 


Acids added 

Ojj uptake 

0 2 uptake 

Duration 

of exp. 

Tissue 

mg. 

mm. 3 

mm. 3 

hrs. 

B1 

Washed pigeon 

2-5 HR; 2-5 HX 

68*2 


41 


(10 vols. 20 min.) 

5 HG 

131 




5 HA 

9-5 





Control 

— 

104-2 


B2 

Washed pigeon 

2-5 HG; 2-5 HX 

272-5 


4 

(see N10) 

(10 vols. 1J min.) 

5 HG 

114-4 



5 HA 

286-0 





Control 

— 

284-4 


B3 

Pigeon 

2-5 HG; 2-5 HX 

1478 


Si 


r> HG 

Control 

1418 

1905 



B4 

Pigeon 

5 HA 

1257 


4i 



1 HA 
Control 

637 

861 


B 5 

Pigeon 

5 HG 

2072 


4i 



Control 

— 

2370 


BO 

Pigeon 

5 HA 

518 





1 HA 

336 





Control 

— 

561 


B7 

Pigeon 

10 hG 

1743 


5i 



5110 

1673 





1 HG 

709 





Control 

— 

2013 


B8 

Pigeon 

1 HA 

747 


3i 


i H n 

452 





Control 

— 

1570 


B9 

Washed pigeon 

5 HA 

49-1 




(10 vols. 20 min.) 

5 HG 

35 2 




Control 

— 

194 


BIO 

Pigeon 

0-5 HG + 0-5 HA 

636-0 


H 


Control 

— 

1848 


B11 

Frog washed 

5 HA 

0 


5 


(Id vols. 20 min.) 

5 HG 

194 




2-5 HG 4- 2-5 H A 

127-5 





Control 

— 

30-6 


B12 

Frog washed 

3 HG 

246 


7 


(10 vols. 20 min.) 

2 HG 

182-8 




i m 

Control 

147-5 

57 



B13 

Pigeon washed 

5 HG 

285-5 


5 1 


(10 vols. 20 min.) 

5 HA 

87-0 




2-SHfG 2-5 11A 

123-5 





Control 

— 

414 


B14 

Pigeon M ashed 

5 HG 

31-7 




(10 vols. 20 min.) 

5 HA 

0 




2*5 HG 4-2*5 HA 

0 





Control 

— 

146-0 


B15 

Frog washed* 

5 HG 

32-9 


6 


5 HA 

0 





Control 

— 

0 


B16 

Pigeon washed* 

4-5 HG 

24-7 




+ 5 HA 

0 





Control 

— 

59-2 


B17 

Pigeon 

5 HG 

1917 




5 HA 

1626 





Control 

— 

2495 


B18 

Frog 

l HG 

245*2 


19£ 


0-5 HG 
Control 

110-1 

180*5 



B19 

Pigeon 

5 HA 

1399 

— 

4* 


* Six times with 10 volumes of phosphate solution (48 g. Na t HP0 4 ,2H 2 0 + 54 g* KH 4 P0 4 
per litre) [see Hahn and Haarmann, 1928], 
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Fig. 1. 

-f- q -- Uptake of control. 

-O-O- Extra uptake with 5 mg. glutamic acid, 

-0-0- Extra uptake with 10 mg. glutamic acid. 

-0-0-Extra uptake with 1 mg. glutamic acid. 



Fig. 2. 

-- 0 - Uptake of control, 

-q -Extra uptake with 5 mg. succinic acid; 5 mg. more added at J,. 

- 0 - Extra uptake with 5 mg. glutamic acid; 5 mg. more added at |. 

- 0 -Extra uptake with 5 mg. aspartic acid. Exp. B 10. 

- 0 -Uptake of control. 

- 0 - 0 -Extra uptake with 0*5 mg. aspartic acid+ 0*5 mg. glutamic acid. 
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variations in the amount of muscle tissue in the different cups, or small 
variations in the degree of chopping, might have large effects. 

Attempts to reduce the control respiration without too much diminishing 
the effect of adding the amino-acids were unsuccessful in the case of the 
pigeon; the oxidation of the added amino-acid was usually reduced to a 
greater extent than the control respiration, and in some experiments was almost 
absent. Addition of the two amino-acids together seemed to have no greater 
effect than addition of either alone with the washed or unwashed muscle. 



I. Uptake of control. 

11. Extra uptake with 1 mg. glutamic acid added. 

HI. Extra uptake with 2 mg. glutamic acid added. 

IV. Extra uptake with 3 mg. glutamic acid added. 

Frog muscle (as was suggested to me by Dr D. 0. Harrison) proved much 
more satisfactory material for a study of the oxygen uptake. By washing 
once with 10 volumes of distilled water the control respiration falls to about 
40 mm. 3 for 0*5 g. at 20° for 7 hours, while the increased uptake due to the 
added amino-acid is five or six times this amount. With washed frog muscle, 
aspartic acid had no effect. The rate of oxygen uptake varied according to 
the concentration of added glutamic acid, but the relative absorption was 
greatest with the smallest amounts (see Fig. 3). The highest was 3 atoms of 
oxygen per molecule when I mg. of glutamic acid was added. 

Oxygen uptake with other amino-acids and ammonium salts. 

In Table VI are given the results of adding some other amino-acids and 
also ammonium chloride to unwashed pigeon muscle. With 1*75 mg. ammonium 
chloride, nearly 30 % inhibition of the muscle’s own respiration was found; 
with a tenth of this amount only slight inhibition took place. In these two 
experiments an equivalent amount of sodium chloride was placed in the 
opposite Barcroft cup. Glycine, alanine, valine, leucine and tyrosine all 
showed inhibitory action, sometimes to a very marked degree (see Fig. 4). 
Glutamic and aspartic acids thus seem to occupy a very special position with 
regard to muscle. 
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Table VI. 

Oxygen 

uptake 

Inhibition 

Duration 

No. 

Material 

Substances added 

<v 

/o 

hre. 

B20 

Pigeon 

NH 4 C1 (1*75 mg.) 

1700 

27 

5 


Control 

2274 



B21 

Pigeon 

NH 4 C1 (0-18 mg.) 

817 

5 

4 


Control 

861 



B22 

Pigeon 

1 mg. glycine 

1381 

12 

4 

(see B8) 

Control 

1570 



B23 

Pigeon 

5 mg. alanine 

1433 

33 

3i 


1 mg. alanine 

1743 

18 




Control 

2125 



B24 

Pigeon 

5 mg. leu cine 

890 

35 

H 


5 mg. valine 

448 

07 




Control 

1378 



B25 

Pigeon 

5 mg. leucine 

983 

9 

4i 


5 mg. valine 

880 

18 




Sat. sol. tyrosino 

799 

20 




Control 

1080 





I, Uptake of control. 

II. Uptake after addition of 1 mg. alanine. 

III. Uptake after addition of 5 mg. alanine. 


Disappearance of added aspartic acid. 

These experiments were carried out in order to ascertain whether, under 
conditions such that a marked increase in oxygen uptake would occur, the 
added aspartic acid showed any corresponding decrease in amount. 

I am indebted to Mr B. Woolf for the suggestion that the aspartic acid 
might be estimated by conversion into malic acid, as a method was available 
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for estimation of the latter in muscle. A large number of preliminary experi¬ 
ments showed that with NaN0 2 and acetic acid at room temperature or 
higher deamination was complete, but a large part of the equivalent malic 
acid had disappeared, presumably by oxidation. The best results were finally 
obtained in the following way. 10 ce. of the neutral solution containing 
aspartic acid cooled to 0° were treated with 1 cc. 30 % NaN0 2 and 0-25 cc. 
50 % H 2 S0 4 . The mixture was kept at 0° over night, being shaken well at 
frequent intervals during the first hour. Deamination was then found to be 
practically complete, and 80 % of the calculated malic acid was found. 

The experiments were carried out in the following way. Five g. samples of 
minced muscle were suspended in 25 cc. of 1*4 % phosphate in bottles of 
250 cc. capacity. One bottle (A) contained 50 mg. of aspartic acid. All were 
shaken very gently, in a horizontal position, at 37° for 4| hours. The bottles 
were opened for re-aeration every half hour. At the end of the time one 
bottle (C-j~) received 10 cc. solution containing 50 mg. aspartic acid, and 
10cc. water was added to the third (C). Each sample was immediately 
washed into a boiling-tube, and coagulated in a boiling water-bath. The 
slightly acid extract was prepared, neutralised and concentrated as in. the 
Van Slyke experiments. To the clear solution, measuring 10 cc., 1 cc. NaN0 2 
and 0*25 cc. 50 % H 2 SG 4 were added at 0°, as described. The next day the 
excess of nitrous acid was removed by adding 0*3 g. of urea, and shaking till 
effervescence had subsided. The solutions were neutralised and made up to 
25 cc. They were placed in covered flasks on a boiling water-bath; 5 g. 
uranium acetate was added, and the flasks were heated for 20 minutes. The 
contents were cooled in the dark and filtered. The rotation was taken, using 
the green line of the mercury lamp. Control experiments with malic acid 
solutions containing phosphate and treated with uranium acetate in this way 
gave [«]“’j - - 430°. 

Experiment A1. 

Change iu % 

Headings rotation recovered 

Zero 1 -4° 

0 ir> 

C+ 0-37 113 (14 

A 0!)5 055 32 

These figures show that only about half the aspartic acid is present after 
the incubation. 

An attempt was made to get conditions on the large scale more resembling 
those in the Barcroft cups. Five g. samples of muscle in 25 cc. of solution 
were placed in litre Roux bottles, the flat surface of which was about 
220 sq. cm,, or ten times the area of the bottom of a Barcroft cup. A stout 
wire passed through the rubber stopper of each Roux bottle, holding in the 
centre of the bottle a porcelain boat. The boat contained filter paper soaked 
with 5 % KOH. In order to promote oxidation, the bottles were filled with 
oxygen before the experiment began, then they were all placed horizontally 
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in a bath at 37°, attached to an overhead bar, which moved gently backwards 
and forwards. The final solutions were made up to 15 cc. 


Experiment A 2 . 


Zero 

0 

Reading 

3-24° 

3-30 

Change 
in rotation 

% 

recovered 

C1 + 

1*48 

1-82° 

63 

02 + 

1 *60 

1-7 

61 

A 

2-10 

1*2 

42 


Here about two-thirds of the aspartic acid remain. 

In a third experiment the procedure was exactly as just described, but 
the muscle was chopped with fine scissors as for the Barcroft experiments, 
instead of being minced. A sample was used for oxygen uptake estimation 
(see B19), and the contents of the Barcroft cups were used afterwards for 
Van Slyke estimations (see Nil). The solutions were made up to 15-5 cc., 
and sodium light was used. [a]^° was found under these conditions to be 
— 350°. The solution is acid, and the value agrees with that (— 345°) found 
by Itzig [1901] for the compound Ur() 3 C 4 H G 0 5 . Addition of alkali, as observed 
by Walden [1897], increases the rotation to a maximum; almost the same 
maximum (— 512°) was found by Walden for the compound XTr0 3 C 4 H 6 0 fi Na. 

Experiment A 3. 


Zero 

Reading 

3*4° 

Change 
in rotation 

0/ 

/o 

recovered 

C1 + 

5*0 

1-6° 

71 

02 + 

4*1) 

1*5 

6(5 

A1 

4*4 

10 

44 

A2 

4-3 

0*9 

40 


Here about three-sevenths of the aspartic acid has disappeared; the 
oxygen uptake observed in the time was 1399 mm. 3 , or almost two-thirds of 
the amount needed for complete oxidation; the amino-nitrogen was unchanged. 

Discussion. 

The results described in this paper make it seem very probable that, if 
free glutamic and aspartic acids are present in the muscle or are brought to 
it in the blood stream, then production of succinic, fumaric and malic acids 
must follow, and also an increase in oxygen uptake, probably due to oxidation 
of these three acids (although there is no evidence that all the glutamic or 
aspartic acid oxidised passes through the stage of a 4-carbon non-amino-acid). 

A comparison of the oxygen uptake curve obtained when glutamic or 
aspartic acid is added to unwashed pigeon muscle with that obtained when 
succinic acid is added, shows that the two curves are very similar (see Fig. 2). 
The chief differences are, firstly, that in the latter case the uptake persists 
rather longer, and practically the calculated total is absorbed; and secondly 
that, when the absorption has come to a standstill, it is possible, by adding 
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more succinic acid, to call forth another marked oxygen absorption, while 
addition of glutamic acid has no effect. This suggests that the mechanism 
responsible for the conversion of the amino-acid into succinic or fumaric acid 
gradually fails, and that under the conditions of the experiment it has failed 
before complete conversion has had time to take place. If we now consider 
the aerobic experiments on the large scale, we find, in the first place, that 
less aspartic acid disappeared (only one-half to one-third) than one would 
expect from the Barcroft experiments (one-half to two-thirds). Secondly, in 
Exp. 03, with added succinic acid, a large quantity of fumaric and malic 
acids appeared at the end of the experiment, while, from the same amount of 
glutamic and aspartic acids, only about one-ninth of the amount of fumaric 
and malic acids appeared. These facts might again be explained by the com¬ 
paratively early failure of the enzyme system producing succinic and fumaric 
from glutamic and aspartic acids; conditions on the large scale are probably 
less favourable than in the Barcroft cups. The succinic and fumaric acids formed 
during the early period of the experiment would gradually be oxidised further. 
One must not, however, lose sight of the possibility that, even under aerobic 
conditions, only about 25% of the amino-acids passes through succinic acid, 
the rest following some other path of breakdown. 

As regards the possible occurrence of the amino-acids in question in the 
free state in muscle, Osborne and Heyl [1908] for chicken muscle and Osborne 
and Jones [1909] for ox muscle have shown that glutamic acid constitutes 
about 16 % of the protein and aspartic acid about 4 %. Micko [1908] found 
free glutamic acid, alanine and taurine in meat extract, but figures for the 
free amino-acids of fresh muscle do not seem to be available. There is 0*07 % 
of amino-nitrogen present in the muscle, and this is probably largely contained 
in free amino-acids; for the nitrogen of creatine and methylguanidine is not 
estimated by Van Slyke’s method [Van Slyke, 1911], and there are only 
traces of carnosine present in pigeon muscle [Clifford, 1921]. The fact that 
washed frog muscle gives the same sort of yield of succinic acid as unwashed 
muscle, while formation of succinic acid does not take place in washed pigeon 
muscle (although it retains the powder to act on added glutamic and aspartic 
acids), may be due to the greater acidity developed in a short time by the 
pigeon muscle. This might enable the content of amino-acids to be washed 
out of the pigeon muscle, while in the frog muscle they might not be extracted. 
The fact that, in the silver salts obtained from the muscle alone, malic acid 
was either absent or present only in traces, may point to the origin of the 
succinic acid from glutamic acid alone, unmixed with aspartic. 

It was shown by Thunberg [1920-21] that, if glutamic acid is added to 
washed frog muscle in presence of methylene blue, the methylene blue is 
reduced. Alanine alone of the other amino-acids used gave a similar but much 
slower decoloration. Thunberg postulated oxidative deamination. A little 
later, Abderhalden and Wertheimer [1921] found that addition of glutamic 
acid increases the oxygen uptake of red blood cells, muscle and kidney. The 
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other amino-acids tried had no effect; aspartic acid was tested on the red 
cells, though not on muscle. Ahlgren [1924] showed that, although washed 
frog’s muscle does not activate aspartic acid, yet in the presence of unwashed 
muscle the reduction of methylene blue is accelerated by addition of aspartic 
acid. The appearance of an equilibrium point at partial reduction of methylene 
blue was reminiscent of the behaviour of malic or fumaric acid, and he was 
of opinion that hydrolytic deamination with formation of malic acid took 
place. Neither Thunberg nor Ahlgren investigated the question of ammonia 
formation. As we have seen, the results of the present work show that no 
simple deamination process occurs, either under aerobic or anaerobic con¬ 
ditions. This agrees with the experience of several workers who have found 
that sterile tissues or tissues with toluene have no power of producing am¬ 
monia from amino-acids. For example, Levene and Meyer [1913, 1, 2] were 
unable to find ammonia formation when aspartic acid, leucine, glycine or 
alanine was added to sterile leucocytes or kidney tissue. Luck [1924], using 
suspensions of various mixed tissues with toluene and hydrolysed gelatin or 
caseinogen as substrate, found no evidence for the formation of ammonia at 
the expense of free amino-nitrogen. That ammonia formation may take place 
in some cases on addition of amino-acids to sterile tissue hss, on the other 
hand, been shown by Patey and Holmes [1929] for glycine in the presence 
of washed kidney. That in this case also there is not a straightforward oxidative 
deamination is shown by the fact that, although oxygen is necessary for the 
reaction, an oxygen absorption corresponding to the ammonia production 
could not be demonstrated. 

As a hypothesis which would not contradict the facts described in this 
paper we might consider the possibility of the linkage of the NH 2 -group of. 
the glutamic acid with some reactive carbohydrate residue in the muscle; 
when oxidation and splitting off of the nitrogen with production of succinic 
acid occurs, the nitrogen is left in combination with this carbon chain, a new 
a-amino-acid thus being formed. 

It is well known that the oxidation of amino-acids in vitro may take 
different courses according to the presence or absence of carbohydrate sub¬ 
stances. Fearon and Montgomery [1924] have pointed this out for the oxida¬ 
tion of glycine with dilute permanganate; more cyanic acid is formed and less 
ammonia when formaldehyde or glucose is present, and Fearon suggests that 
this result is due to combination between the NH 2 -group of the glycine and 
the aldehyde radical. 

As regards the ammonia production by tissues, several workers have found 
carbohydrate or similar compounds to have an inhibitory effect upon this. 
Warburg, Posener and Negelein [1924], using rat carcinoma and retina, 
showed that both the anaerobic and the aerobic formation of ammonia were 
reduced to about one-tenth of their value by addition of glucose. Meyerhof, 
Lohmann and Meier [1925] found that the diaphragm muscle of starved rats 
produces ammonia in aerobic conditions, and this ammonia production is 
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greatly lessened by adding glucose, lactic acid or pyruvic acid. Watchorn and 
Holmes [1927] found less ammonia and urea formed during growth of tissue 
cultures when the medium contained glucose; and Patey and Holmes [1929], 
using washed kidney tissue, found that the aerobic (though not the anaerobic) 
ammonia production was much less in presence of glucose.’ The ammonia 
production from added glycine was not affected. If, in the case of glutamic 
and aspartic acids, in muscle, the presence of carbohydrate or its breakdown 
products prevents the appearance of free ammonia, then this prevention 
goes on anaerobically as well as in oxygen. This behaviour of certain carbon 
compoimds in lessening ammonia formation is usually regarded as indicating 
“ protein-sparing action in the present case, where it is postulated that one 
amino-acid is formed from another, part of the latter being oxidised, it would 
more correctly be described as “nitrogen-sparing.” 

It has been suggested by Thunberg [1920—21] that succinic acid might arise 
by removal of hydrogen atoms from two acetic acid molecules, and conden¬ 
sation of the residues. If this were the case, succinic acid might play an 
important part in fat metabolism, and also, as Wieland [1922] has pointed 
out, in carbohydrate metabolism. Lactic acid may give rise to pyruvic acid, 
and the latter by decarboxylation and oxidation to acetic acid. Very recently 
it has been shown by Butkewitsch and Fedoroff [1929] that, in presence of 
the mould Mucor stolonifer , acetic acid may be converted, to the extent of 
15-30 %, into succinic and fumaric acids. 

It has never, however, been possible to show' that acetic acid can give 
rise to succinic acid in muscle. With unwashed muscle, Cl utter buck [1927] 
failed to find any increase in malic acid following upon incubation with acetate 
in oxygen; and I have similarly failed to find any increase with w r ashed muscle. 
This does not prove that the condensation does not take place; in unw r ashed 
muscle a sufficiency of acetic acid may always be present, so that addition of 
more has no effect, while with washed muscle some part of the enzyme system 
responsible may have been removed. 

Clutterbuck and llaper [1925, 1] have sliowm that y-oxidation of fatty 
acids may take place with hydrogen peroxide in intro , and they suggest that 
succinic acid may be formed in this way in the body; their experiments, 
however, on injecting /?-phenylhexoic acid, gave negative results, no phenyl- 
succinic acid appearing in the urine [1925, 2]. 

In conclusion, it may be said that, although formation of succinic acid 
from glutamic and subsequent oxidation of the succinic acid is probably a part 
of muscle metabolism, yet it is not suggested that this is the only origin of the 
succinic acid in the body, or that the only function of the “succinoxydone'’ 
is to oxidise an intermediate stage in the breakdown* of these amino-acids. 
Under anaerobic conditions, succinic acid formation seems to be a self- 
hindered reaction; under aerobic conditions, the acid is oxidised away and 
its formation cannot be measured; it may therefore play some as yet un¬ 
detected part in carbohydrate and fat metabolism in vivo. 
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Summary. 

1. It has been shown that glutamic and aspartic acids, when added to 
minced muscle under anaerobic conditions, give rise to an increased amount 
of succinic, fumaric, and malic acids. The maximum amount of extra acid 
obtained was about 37 % of the equivalent of the amino-acids when both 
were added together; about 15 % when aspartic acid alone was added; and 
about 11 % when glutamic acid alone was added. From the mixed amino- 
acids or from aspartic acid alone, malic and fumaric as well as succinic acid 
were formed; from glutamic acid only succinic. 

2. Ammonia was not produced during this formation of succinic, fumaric, 
and malic acids; nor could any increase of urea, uric acid, or amide-nitrogen 
be found. The amino-nitrogen (estimated by Van Slyke’s method) at the end 
of the experiments was equal to that of the controls plus that of the added 
amino-acid. 

3. An increased oxygen uptake was found when glutamic or aspartic acid 
was added to minced muscle. This uptake usually corresponded to one-half 
or two-thirds of the calculated amount for Complete oxidation. The other 
amino-acids tried (glycine, alanine, valine, leucine and tyrosine) had an 
inhibitory effect on the muscle’s own respiration. 

4. Under aerobic conditions traces of malic and fumaric acids were found 
after addition of glutamic and aspartic acids. No change in the soluble 
nitrogen fractions was found. 

5. A method for estimation of aspartic acid was worked out, and by its 
aid it Was found that after incubation with muscle in air or oxygen one-half 
to two-thirds of the aspartic acid had disappeared. 

6. It is suggested that possibly a combination of the amino-group with 
some reactive carbohydrate residue takes place; then when splitting and 
oxidation occur the amino-group is retained in the form of a new amino-acid. 

I am very grateful to Miss M. Stephenson and Dr J. Needham for advice 
in practical details and to Sir F. G. Hopkins for his continual interest and 
encouragement. 

Much of this work was done during the tenure of a Beit Memorial Fellow¬ 
ship. 
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SAMUEL BARNETT SCHRYVER (1869-1929). 

The death of Samuel Barnett Schryver, which occurred on August 21st, 1929, 
after an illness of several months’ duration, has deprived Biochemistry of an 
active worker, possessed of a mind fertile in original ideas, and still at the height 
of intellectual activity. Schryver was an original member of the Biochemical 
Society, in the affairs of which he always took a great interest, and he fre¬ 
quently presided over the meetings held in his laboratory at South Kensington. 
Schryver was born in London in 1869 and w^as educated at University College 
School, University College and the University of Leipzig where he graduated 
Ph.D. After his return to England he was appointed in 1893 Demonstrator 
in Chemistry under Campbell Brown at University College, Liverpool, where 
he remained until 1897. Early in 1898 he joined the staff of the Wellcome 
Research Laboratory and retained this position until March 1901, when he 
was appointed Lecturer in Physiological Chemistry at University College, 
London. Up to this time he had been engaged in research on a variety of 
subjects in Organic Chemistry, but here for the first time he came into direct 
contact with biochemical problems and henceforward until his death he was 
continuously engaged in biochemical and physiological research. He left 
University College in 1907, on his appointment as Physiological Chemist to 
the Research Institute of the Cancer Hospital and in 1913 joined the Staff 
of the Imperial College of Science at South Kensington as Assistant Professor, 
becoming full Professor of Biochemistry in 1920. He was elected to the 
Fellowship of the Royal Society in 1928. 

In 1910 Schryver married Miss E. Davies, who, with their two daughters, 
survives him. 

In the course of unsuccessful attempts to effect synthesis of proteins from 
peptones in presence of intestinal mucous membrane his attention was drawn 
to the phenomenon of autolysis, which was investigated in some detail (1904, 
1905, 1906). He finally reached the conclusion that the autolysis of the 
organs in vivo was regulated by chemical means and that the normal supply 
of nitrogenous food yielded by its breakdown sufficient ammonia to prevent 
the tissues from becoming acid and then undergomg autolysis. 

Whilst at University College he also made experiments (with Hamill) on 
the excretion of nitrogen by normal individuals, finding that it corresponded 
to a daily intake of 93 g. of protein. In the course of investigations carried 
out for the Local Government Board he devised new and delicate methods 
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for the detection of tin and of formaldehyde in foodstuffs. The application 
of the latter test enabled him to show the production of formaldehyde when 
chlorophyll was exposed to sunlight in the presence of moist carbon dioxide. 

At the Cancer Hospital he carried out with Dr C. Singer investigations 
on the gastric juice in malignant and non-malignant diseases of the stomach 
and duodenum (1913) in which chemical methods (e.g. determination of the 
peptic index and of the ratio of acid combined with amino-acids to total 
nitrogen) were applied to diagnosis. Here too he began work on the state of 
aggregation of matter which led directly to the study of clot formation, the 
results of which formed the subject of a series of papers published between 
1910 and 1919. These included useful studies of the relation between the vis¬ 
cosity and surface tension of salt solutions and the effect of these salts on 
clotting and gel formation, and an intensive- examination of the clotting of 
milk by rennin, in the course of which he showed that caseinogen is converted 
into a less soluble “metacaseinogen” by treatment with hot water, but that 
this substance differs in properties from the casein produced by rennin. 

Schryver’s deep interest in gel formation was maintained in the investi¬ 
gations which he carried out at the Imperial College. These followed two 
main lines. In the first place he attacked the constituents of plant cells, 
preparing and studying the proteins of leaves and also studying the cell wall, 
from which he isolated the pectins and kemieelluloses which take a part in 
its structure. He came to the conclusion that pectinogen is a trimethyl ester 
of pectic acid loosely combined with metallic ions, such as Ca, and that 
pectic acid and the hemicelluloses, a number of which were isolated from 
various materials, were both complexes of ' 4 uronic acids” and sugars, as 
suggested by Ling and Ehrlich. For such complexes he suggested the name 
4 'polyuronides.” Lignification of tissue he found (1928) to be accompanied 
by the disappearance of pectins. 

The second group of researches arose from work done under the auspices 
of the Adhesives Research Committee of which he was made a member. This 
Committee was appointed by the Department of Scientific and Industrial 
Research in 1919 to take over the work of the Adhesives Committee originally 
appointed by the Conjoint Board of Scientific Societies in the latter part of 
1917. This work resulted in two series of papers, on the preparation, purifica¬ 
tion and properties of gelatin and on the separation of the products of protein 
hydrolysis. Many of these results are also contained in the First and Second 
Reports of the Adhesives Research Committee (1922, 192G) and a Third 
Report is in course of preparation. 

The formation of gelatin from its precursors, collagen and ossein, was 
studied from the physico-chemical standpoint with interesting results. 
Elaborate attempts were made to 44 purify” gelatin and obtain a material 
which could be regarded as a chemical entity, but without complete success. 

A large degree of purification could be effected by electrolysis and by floccu¬ 
lation in an electric field. The resulting material, however, is probably to 
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some degree contaminated by products formed by the action of water, which 
produces an irreversible change, measurable in a few hours, even at 37°. 
Such “purified” gelatin is almost insoluble in water at 15° and is very similar 
in properties to the globulins, from which it differs by its power of readily 
forming gels when dispersed in either acids, alkalis or salts. 

In the course of these researches the important observation was made that 
the composition of gelatin was not constant, but varied with the treatment 
to which either the gelatin itself or its precursor had been subjected. This was 
detected by a variation in the percentage of the total nitrogen of the hydro¬ 
lysis products which was precipitated by phosphotungstic acid (diamino- 
nitrogen). Thus the hydrolysis products of gelatin from a precursor which 
had been treated with dilute alkali yielded 29*5 %, whereas those of gelatin 
from the same precursor treated with dilute acid gave only 26*00 % of 
diamino-nitrogen: gelatin itself showed similar changes. 

These facts have been criticised by Daft, working in the Carlsberg 
Laboratory, but the criticism has been refuted by Thimann, one of Sckryver’s 
students. The investigation of this phenomenon led to the work on the sepa¬ 
ration of the products of protein hydrolysis. In this pioneering work, which 
must be regarded as preliminary and awaiting further extension and con¬ 
firmation, Schryver developed a method of separation of the products of 
protein hydrolysis which depended on the use of Siegfried’s barium carbamate 
compounds of the amino-acids. In this way he obtained from the hydrolysis 
products of isinglass (and edestin, but not of caseinogen or egg-albumin) 
hydroxylysine, in the form of a barium carbamate soluble in 70 % alcohol 
but insoluble in cold water, whilst from the glutelin which he isolated from 
oats he obtained two new hydroxyamino-acids, hydroxyaminobutyric acid, 
which forms an insoluble copper salt, and hydroxyamino valeric acid, which 
forms a soluble copper salt. 

In addition to this he obtained a new eight-carbon acid, C 8 H 16 0 3 N 3 , which 
he termed protoctine, from the phosphotungstic acid precipitate obtained 
from the soluble carbamate from glutelin and the protein of castor bean. 
Finally, dZ-lvsine was obtained from gelatin which had been treated with 
acid before being hydrolysed and to this the increased percentage of diamino- 
nitrogen found in such gelatin was traced. No clue was, however, found to 
the origin of this extra lysine. 

Schryver (with Chibnall) also initiated an investigation into the proteins 
of leaves, which has been continued with great success by Chibnall. He, 
moreover, isolated a crystalline substance, C 3 H 8 0 4 , from cabbage leaves which 
he regarded as a disaccharide derived from glycollie aldehyde and formal¬ 
dehyde. 

From 1918 up to the time of his death he was also engaged in researches 
on the autolysis and nutrition of yeast in connection with the Research 
Scheme of the Institute of Brewing. The interesting fact was observed that 
when yeast is washed it only autolyses very slowly, and much work was 
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expended in endeavouring to trace the presumed agent removed by washing, 
but without any definite result (1927). The work on yeast nutrition had only 
reached a preliminary stage at the time of Schryver’s death. 

He was the author of two books. An introduction to the study of biological 
chemistry (1918) provided a general introduction to organic chemistry, followed 
by special chapters on “The chief chemical constituents of the animal body 
(fats and lipoids, carbohydrates, proteins)”; “The methods employed for 
the investigation of chemical changes within the animal organism (metabolism, 
total and intermediary) and “The chemical processes taking place in plants 
(including enzyme actions).” This was also the plan he adopted in his 
lectures. He also contributed in 1909 an early volume to Longmans Series 
of Monographs on Biochemistry on The general characteristics of the proteins . 

Many of Schryver’s researches were published m collaboration with his 
students, a number of whom are now pursuing independent investigations in 
continuation of the work first begun under his direction at South Kensington. 

A. H. 



XXIX. THE EFFECT OF CEREAL EXTRACTS 
ON BLOOD-CALCIUM. 


By LOUIS MIRVISH. 

From the Department of Physiology, University of Cape Town . 

(Received December 31st , 1929.) 

The concentration of calcium in the blood is remarkably constant in man and 
in the laboratory animals so far investigated. Apart from such procedures as 
dilution of the blood,, or administration of salts of calcium or phosphorus, the 
blood-calcium has not been found to vary to any appreciable extent, except 
under the influence of certain internal secretions. Collip [1925] has established 
the role of the parathyroid in raising the blood-calcium, and Mirvish and 
Bosman [1927] have shown that extracts of bovine ovaries are able to bring 
about a fall of blood-calcium in a characteristic manner in both rabbits and 
man. A very similar action was found for extracts of suprarenal cortex 
[Mirvish and Bosman, 1929, 1], and probably also for the testis [Mirvish and 
Bosman, 1929, 2]. Bearing in mind the necessity for correlation of animal and 
plant physiology, I proceeded to investigate extracts of plant organs, and chose 
oatmeal as a convenient possible source of this “ovarian” substance. 

Oatmeal has been shown to be associated in some way with a pathological 
phase of calcium metabolism, i.e. rickets. The chief evidence in this connection 
has been brought forward by E. Mellanby [1922], who showed that puppies 
on a bare sufficiency of the antirachitic vitamin D could be made to develop 
rickets by feeding on a diet of cereals, the most potent rickets-producing of 
which was oatmeal. This work was later extended by Green and Mellanby 
[1928], who showed that the same interfering action of cereals on the calcifica¬ 
tion of bones could be demonstrated in rats, and an ingenious method was 
evolved by these observers to determine quantitatively the degree of anti¬ 
calcifying activity of different cereals. They also showed that this anti¬ 
calcifying power could be counteracted by simultaneous administration of 
more vitamin I) or of calcium carbonate. They could, however, destroy the 
anti-calcifying factor by boiling the oatmeal with 1 % HC1. Holst [1927] has 
obtained similar results. He was able to produce rickets in rats by feeding 
exclusively on cereals and yellow peas, but not by feeding with rice-starch 
alone. If oatmeal is extracted with dilute hydrochloric acid, and the extract 
is given in addition to the starch, the animals develop rickets. It seems, there¬ 
fore, that here is a positive factor, which Holst calls a “toxic substance,” the 
mode of action of which cannot be accounted for by the vitamin-deficiency 
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theory of rickets. Holst finds that the production of rickets by feeding with 
cereals can be prevented by the administration of calcium salts, whereas 
phosphates have no such effect. M. Mellanby [1923], working on puppies, 
found that the greater the amount of cereal eaten, other things being equal, 
the greater the tendency to the production of badly calcified teeth. 

Another series of observations of a different kind points to the presence in 
certain plants of an “ovarian” substance. There is evidence that some plants 
contain a substance of the same nature as the female sex hormone ” or 
“oestrin,” as seen by the partially positive vaginal smear reactions obtained 
with extracts of flax and hemp seeds [Kountz, 1927], and by the positive 
oestrus obtained by Loewe and his associates [1927], using willow catkins and 
other plants. 

The purpose of the present experiments was to attempt to obtain from 
oatmeal a substance similar to that extracted from bovine ovaries in its action 
in lowering the blood-calcium. 


Experimental. % 

The cereals employed for extraction were oatmeal, wheat germ, and maize 
meal, but the majority of the observations were made on finely ground, un¬ 
treated oatmeal. In the earlier part of my work rectified spirit was used to 
extract the cereal meal directly, either by percolation in the cold or by ex¬ 
tracting on the water-bath and purifying as in the case of the ovary. Most of 
these extracts gave positive results when tested on the blood-calcium, as did 
simple aqueous extracts. But these methods of extraction were not used 
further, as I wanted to ascertain whether the extract of oatmeal with dilute 
hydrochloric acid, which Holst found to be rachitogenic, possessed also the 
calcium-reducing property. The method eventually adopted for the prepara¬ 
tion of extracts, of which a preliminary account has already been given 
[Mirvish, 1929], was as follows. 

The meal was put in canvas bags, which were suspended in a bath con¬ 
taining the solution for extraction, usually 0-5 % to 1 % HC1 in -water, and 
left to soak for a day or two. The bath was then placed in a larger water-bath 
and heated fox 2-4 hours. The fluid extract was then poured off, and the bags 
of meal drained without being squeezed. The bags of meal were then extracted 
a second time either with plain water or again with 0*5 % HC1 in water exactly 
as before, and the two extracts combined. On an average 6 litres of water 
were used to extract 1 kg. of meal, yielding a yellowish solution containing 
a minimum of starch. 

The solution was next evaporated to small bulk. During all evaporations, 
sodium hydroxide was added from time to time, in order to keep the solution 
constantly weakly acid to litmus. When the bulk of the solution was reduced 
to about a quarter of the original volume, it was filtered through glass-wool 
and the evaporation continued until the final volume was about 100 cc. It 
was then dialysed against distilled water for 24-48 hours. The inner liquid was 
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discarded and the yellow dialysate evaporated to small volume. Several crops 
of crystals (mostly NaCl) could be removed by cooling on ice and further 
evaporation. Finally one obtained a browmish-coloured paste, and for a time 
a neutralised aqueous solution of this was used for injection. Later, however, 
this material was extracted with boiling 95 % alcohol, and the oily yellowish- 
brown liquid remaining after evaporation of the alcohol was dissolved in water 
and used for injection. 

The technique for estimating the effect of the extracts on the blood- 
calcium level was that employed for studying the effect of the ovarian extract 
[Mirvish and Bosman, 1927]. Rabbits, kept under standard conditions, were 
injected with varying amounts of the extracts, and blood was drawn before 
injection and at various intervals after injection. The previous work on ovary 
showed that the blood-calcium falls most frequently 24-48 hours after in¬ 
jection. Control injections of other tissues (muscle, brain, pancreas, spleen, 
kidney), and of cholesterol and olive oil produce no such fall in blood-calcium, 
and one must therefore attribute it to the specific substance present in the 
extract. Some of the results obtained with various types of extract are given 
in Table I. 


Table 1. Injection of various extracts of oatmeal com/pared 
with injection of ovarian extract. 

Serum-calcium in mg. per 100 cc. 


Rabbit 

Injected su beutaneously 

Normal 

After 

24 hrs. 

After 

48 hrs. 

After 
72 hrs. 

il 

Oatmeal extracted with 95 % alcohol. 
Extract representing 40 g. oatmeal 

17-5 

18*0 

17*5 

16*9 

12 

„ „ 60 g. 

17-5 

14*5 

14*5 

16*5 

39 

150 g. 

15 0 

10*0 

12*1 

— 

40 

„ „ 375 g. 

140 

11*3 

13*8 

— 

41 

j. 376 g. ,, 

150 

12*2 

11*0 

—* 

R 1 

Oatmeal extracted with water. 

Extract W representing 150 g. oatmeal 

135 

12*0 

12*5 

11*0 

R 2 

„ m 300 r. 

14*0 

110 

11*5 

10*0 

R 5 

200 g. „ 

12*8 

10*5 

— 

— 

R 0 

600 g. „ 

115 

6*6 

— 

— 

Y 4 

Oatmeal extracted with 0*6 % HC1. 
Extract A representing 200 g. oatmeal 

13*1 

13*1 

9*3 

14*3 

Y 5 

250 g. 

13*6 

13*1 

9*8 

— 

Y 6 

,, ,, 650 g. ,, 

12*1 

8*8 

JO* 7 

13*6 

16 

„ E „ 180 g. „ 

15*3 

13*55 

14*5 

11-5 

17 

270 g. ,, 

16*7 

14*0 

11*8 

— 

20 

» 0 „ 400 g. „ 

14*0 

150 

11*5 

— 

21 

„ „ 800 g. 

11*5 

12*0 

7*0 

— 

A 

Alcoholic extracts of bovine ovary. 
Representing 25 g. of ovary 

14*5 

10*5 

15*0 


B 

„ 40 g. „ 

15*0 

13*0 

11*5 

— 

0 

25 g. „ 

17*0 

14*5 

14*0 

— 


These results are very similar to those obtained with ovarian extract, the 
only difference being that the minimal effective dose is much larger than in the 
case of the ovary. I next tested the dialysate of this material, as Holst found 
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that his rachitogenic fraction was dialysable, and this fraction, as well as an 
alcoholic solution of it, was also found to be calcium-reducing. The method of 
extraction is of course by no means quantitative, nevertheless it is apparent 
that each process of refinement of the extract progressively lowers its potency 
(Table II). 


Table IT. Injection of dialysed extracts of oatmeal. 

Serum-calcium in mg. per 100 cc. 


Rabbit 

Injected subcutaneously 

Normal 

After 
24 hrs. 

After 
48 hrs. 

After 
72 hrs. 

After 
96 hrs. 

35 

Oatmeal extracted with 0*5 % HC1 and 
dialysed. Dialysate employed. 
Representing 150 g. oatmeal 

160 

170 

17-5 

160 

140 

37 

„ 225 g. „ 

12-5 

13*8 

13-3 

140 

38 

„ 350 g. 

140 

14 5 

14-7 

15-0 

14-7 

39 

„ * 350 g. 

140 

12-3 

11-2 

13*7 

13*7 

40 

„ 1000 g. „ 

15-0 

12-5 

10-2 

10-3 

13-8 


Oatmeal extracted with 0*5 % HC1, dialy- 
sate then extracted with 95 % alcohol. 


14 

Representing 600 g. oatmeal 

150 v 

15-5 

15*0 

35*0 

150 

15 

„ 600 g. 

160 

170 

16*0 

150 

16*5 

16 

„ 960 g. „ 

160 

110 

15*0 

15*0 

16*0 

17 

„ 1200 g. „ 

150 

140 

12*5 

15*0 

15*0 

19 

„ 1800 g. „ 

17-5 

13-5 

15*0 

13*0 

15*0 

20 

„ 1920 g. „ 

17*5 

12-0 

16*0 

15*5 

17*0 

21 

„ 2160 g. 

180 

16-0 

13*0 

16*0 

16*0 

9 

„ 960 g. „ 

17-5 

14*5 

16*0 

16*0 

15*0 

10 

„ 1600 g. 

18*0 

15*0 

13*5 

J50 

18*0 

11 

„ 2400 g. „ 

160 

10*0 

14*9 

16*0 

17*0 


* Injected intraperitonoally. 


Discussion. 

In genera] the results show that oatmeal extracts are able to reduce the 
blood-calcium of rabbits, both male and female, the maximum depression 
occurring on an average at the end of 24 hours, with a return to normal usually 
within 72 hours after administration. The more effective the dose the earlier 
is the point of maximum depression, so that it may occur as early as 10 hours 
after injection. Intraperitoneal injection has a more rapid action than sub¬ 
cutaneous. It has been, found that some rabbits do not react at all to the in¬ 
jection, although other animals of the same batch may react to a similar dose 
of the extract employed. The same experience was also encountered with 
extracts of ovary, testis and suprarenal cortex, though the cause is not clear. 
The calcium-reducing substance is present in oatmeal in a concentration of 
about 1/10 to 1/5 of that of the bovine whole ovary. The experiments demon¬ 
strate that oatmeal has the same effect as ovary on the blood-calcium, attri¬ 
butable to a substance which I called “calcovarin” in previous work. 

It has been found by various observers that the oral administration of 
oatmeal produces rickets. This effect has been traced to a dialysable substance 
which can be extracted from oatmeal by dilute HC1. An extract obtained in 
the same manner, injected in large doses into animals, produces a noticeable 
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fall of blood-calcium of the same order as that produced by extracts of bovine 
ovary. It has not been determined whether this oatmeal extract given by 
mouth will reduce the blood-calcium, but this is the case with the ovarian 
extract. It would seem then that the rachitogenic and the blood-calcium- 
reducing actions are both a function of the same extract, and one must 
attribute the development of rickets in these cases to an over-supply of 
“calcovarin.” 

Another condition where the calcium metabolism is profoundly disturbed 
is osteomalacia, in which the bones are much softened, the blood-calcium is 
low (6-8 mg. per 100 cc.), and tetany is frequent. It has been found that the 
diet of women thus affected contains excess of cereals, and administration of 
cod-liver oil or exposure to sunlight cures or prevents the disease and 
restores the normal blood-calcium level. There is considerable evidence of a 
relationship of the ovarian function to osteomalacia, as it occurs almost 
exclusively in women, is usually associated with puberty or pregnancy, and 
removal of the ovaries frequently cures the condition. Recent investigations 
have disclosed that its occurrence at puberty before pregnancy is at least as 
common as its association with pregnancy, so that the bony softening cannot 
be explained away as due to a drain on the maternal calcium for the require¬ 
ments of the foetus. In spite of the different types of bony defects, there is 
no doubt that osteomalacia and rickets are closely related diseases occurring 
at different ages. Bearing in mind that the ovarian secretion has the same 
influence on calcium metabolism as the rachitogenic element in oatmeal, one 
can postulate that osteomalacia is due to excessive “calcovarin” supplied to 
the body partly from an exogenous source, the cereal diet, and partly from an 
endogenous source, namely that elaborated by the hyperactivity of the ovary, 
which occurs at puberty and pregnancy. 

We can only put forward a working theory at present on the connection 
between “calcovarin” and vitamin D. Rickets and osteomalacia are both 
recognised as being primarily diseases of calcium metabolism, and all our 
clinical and metabolic studies emphasise the fact that calcium metabolism is 
controlled by an endocrine mechanism, in which the parathyroid plays the 
leading part. A disturbed state of calcium metabolism, short of gross diminu¬ 
tion of calcium intake, should lead us to search for an underlying endocrine 
disturbance. There is evidence that the ovary produces its effect on the blood- 
calcium through the parathyroid, and that leads one to suggest the possibility 
that rickets and osteomalacia are caused by a functional hypo-parathyroidism. 
It may be that vitamin D is necessary for the proper function of the parathy¬ 
roid, and, as the body cannot synthesise vitamin D in the absence of sunlight, 
parathyroid secretion is not elaborated sufficiently and a hypo-parathyroidism 
or some disturbance of the parathyroid apparatus results. “Calcovarin” also 
produces a functional hypo-parathyroidism by reacting with or antagonising 
the parathyroid secretion. Thus a deficiency of vitamin D, or an over-supply 
of “calcovarin”—endogenous as in osteomalacia, or exogenous as in rickets— 
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will lead to parathyroid disturbance. This hypothesis may not be warranted 
by the facts at our disposal, but we know that vitamius have some relation 
to the endocrine secretions, and it may be that vitamins are necessary for the 
proper elaboration of the various internal secretions. The production of rickets 
by a positive factor challenges our vitamin theory and demands explanation. 

Summary. 

A method has been found for extracting oatmeal with 0*5 % hydrochloric 
acid, yielding an extract which is free from starch, thermostable, dialysable, 
and soluble in alcohol. This extract, when injected into rabbits, produces a fall 
of blood-calcium. The extent of this fall is about 30 % of the normal. It occurs 
24-48 hours after injection, the figure returning to normal again within 
48-72 hours. The type of calcium depression is the same as was found previously 
to follow the injection of bovine ovarian extract. From this it is concluded 
that “calcovarin,” the substance producing the characteristic calcium depres¬ 
sion response, is present in oatmeal as well as in ovary. The oatmeal extract 
which Mellanby and Holst found to be rachitogehic in puppies and rats was 
prepared in the same way as the extract here tested, and the rachitogenic 
effect of this extract is attributed to its calcium-reducing property. A sugges¬ 
tion is put forward that rickets and osteomalacia are diseases which may be 
due to functional disturbances of the parathyroid secretion. 

I desire to express my thanks to the Research Grant Board ol the Union 
of South Africa, and to the Staff Research Fund of the University of Cape Town 
for grants, which partly defrayed the expenses of this research. 
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In Part VI of this series [Raper, 1927] the identification of 5 : 6-dihydroxyin- 
dole and 5 : G-dihydroxyindole-2-carboxylic acid as products of the action of 
tyrosinase on tyrosine was described. It seemed of interest to find out whether 
certain substances closely related to tyrosine when oxidised by means of 
tyrosinase would also give rise to indole derivatives, and with this object the 
following substances have been submitted to the action of the enzyme: 
tyramine, 3 : 4-dihydroxyphenylethylamine, 3 : 4-dihydroxyphenylethyl- 
methylamine (cpinine) and A’-methyltyrosine. Using the procedure that has 
been previously described [Raper, 1927] it was possible to isolate 5 : 6- 
dimethoxyindole from the products of oxidation both of tyramine and of 
3 : 4-dihydroxyphenylethylamine. From epinine, a dimethoxy-derivative was 
obtained which is presumably 5 : G-dimethoxy-xV-methylindole, though this 
substance has not yet been synthesised for comparison. With Af-methyl- 
tyrosine evidence of the production of an indole derivative has been obtained 
but it was not isolated in crystalline form. These experiments indicate therefore 
that the series of reactions undergone by tyrosine to give rise eventually to 
5 : G-dihydroxyindole and its 2-earboxylic acid is a general one provided that 
a 3 : 4-quinone is produced in the initial stages of the oxidation process. It has 
already been shown by Pugh and Raper [1927] that the production of ortho- 
quinones from those monohydric phenols on w hich tyrosinase acts is character¬ 
istic of this enzyme and that they are also produced by it from o-dihydric 
phenols. It was not surprising therefore that the above-mentioned substances 
related to tyrosine, which contain a hydroxyl group in the perm-position or 
have hydroxyl groups in the 3 : 4 positions, should undergo similar changes. 

Of the series of reactions w T hich takes place w r hen tyrosine is acted upon by 
tyrosinase the only specific one is the production of 3 : 4-dihydroxyphenyl- 
alanine. The subsequent oxidation of this to the corresponding orthoquinone 
and the further transformation of this in the manner previously described 
[Raper, 1927] should be capable of being brought about by any oxidising 
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agent that produces orthoquinones from catechol derivatives. It was decided 
therefore to find out whether evidence supporting this could be obtained by 
oxidising 3 : 4-dihydroxyphenylalanine and epinine with a mild oxidising 
agent. Both these substances were in fact found to be readily oxidised when 
shaken with freshly prepared moist silver oxide and as products of the oxida¬ 
tion 5 : 6-dihydroxyindole-2-carboxylic acid and 5 : 6-dihydroxy-jY-mefchyl- 
indole, respectively, were detected by the isolation of their corresponding 
methoxy-derivatives. 

In the oxidation of tyramine, 3 : 4-dihydroxyphenylethylamine, epinine 
and A T -methyl tyrosine *with tyrosinase certain minor differences as compared 
with the behaviour of tyrosine were observed. The o-dihydroxy-compounds 
are much more rapidly oxidised than tyrosine to give red substances and the 
latter (presumably the 5 : 6-quinones of the corresponding dihydro-indole 
derivatives) are more stable if separated from the enzyme than the red sub¬ 
stance produced from tyrosine and 3 : 4-dihydroxyphenylalanine. A-methyl- 
tyrosine is oxidised more slowly than tyrosine and also gives rise to a somewhat 
more stable red substance. These results indicate*therefore that the velocity 
of the internal oxidation-reduction process by which the 5 : G-quitione of 
dihydroxyindole-2-carboxylic acid is converted into a 5 : 6-dihydroxyindole 
derivative is increased by the presence of the carboxyl group and that methy- 
lation of the nitrogen atom of the indole has a tendency to diminish the speed 
of this change. The oxidation of A-methyltyrosine is of particular interest 
because of the close relationship that this substance bears to adrenaline. It is 
conceivable that A r -methyltyrosine might give rise to adrenaline by oxidation 
and loss of C0 2 as follows: 

CH 2 . CH (NHCH,). COOH OH,. CH (NHCH a ). COOH 0 H a . CH(NHCH 8 ). COOH 



OH 


, The production of the 3 : 4-quinone of phenyl-A-methylalanine (I) by the 
action of tyrosinase is in full accord with what we already know of the action 
of this enzyme. In the scheme represented above the conversion of this 
quinone into adrenaline with the evolution of C0 2 is represented as an internal 
oxidation-reduction reaction. With tyrosine, the quinone corresponding to 
(I) changes at once into a dihydroxyindole derivative and although this same 
type of change has also been demonstrated to take place readily with the 
quinone corresponding to epinine, it appears to take place less readily with the 
quinone produced from AAmethyltyrosine, judged by the yield of indole 
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derivative obtained. It is possible therefore that the quinone (I) represented 
above undergoes, in part, some change different from the usual one and the 
production of adrenaline from it, in the manner suggested, is a possibility to 
be borne in mind. A few experiments which have been carried out show that 
a small amount of a pressor substance is produced when the red solution pro¬ 
duced by the action of tyrosinase on A 7 -methyltyrosine is allowed to de¬ 
colorise in vacuo. Whether this pressor substance is adrenaline cannot yet 
be stated and much more evidence is necessary before this can be settled. 

All the four substances related to tyrosine mentioned above finally give. 
>rise to melanin when the action of the enzyme is sufficiently prolonged and 
carried out at about p u 8’0. At 6-0 melanin production is much slower and 
this is especially so with tyramine, and iV-methyltyrosine. The fact, however, 
that the iV-methy 1-derivatives give rise to melanin suggests that the nitrogen 
atom of 5 : 6-dihydroxyindole is not further oxidised in the formation of 
melanin from tyrosine. 

In order to get more precise information regarding the oxidative changes 
by which melanin is produced from 5 : 6-dihydroxyindole the oxidation of 
tyrosine and several of the related substances already mentioned has been 
studied, using a respirometer to measure the oxygen uptake. This method gives, 
in addition, quantitative evidence of the extent to which tyrosine undergoes 
the series of changes already described in Parts V and VI of this series when it 
is oxidised by tyrosinase. The evidence for these changes has been obtained by 
isolation of 3 : 4-dihydroxyphenylalanine and the methoxyindole derivatives. 
This is by no means a quantitative method and it seemed desirable to deter¬ 
mine whether the oxygen uptake per atom of tyrosine corresponds with that 
theoretically deduced. The following scheme represents the changes which 
have been postulated [Raper, 1927] to explain the conversion of tyrosine into 
5 : 6-dihydroxyindole: 


CH 2 . CH(NH»). COOH CH a . CH (NB 2 ). COOH CH*. CH(NH 2 ). COOH 



It will be observed that 3 atoms of oxygen are required to convert 1 
molecule of tyrosine into 5 : 6-dihydroxyindole. These 3 atoms have been 
taken up by the time the red substance has been formed so that the final 
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change of this to dihydroxyindole will take place in an inert atmosphere. 
Melanin formed from tyrosine has been found to contain 8*05 % of nitrogen 
[Raper and Wormall, 1925]. Dihydroxyindole, C 8 H 7 0 2 N, contains 9-39 % of 
nitrogen. By the loss of 2 atoms of hydrogen and the addition of 1 atom of 
oxygen it would yield a substance C 8 H 6 0 3 N which contains 8*59 % nitrogen. 
If this be the empirical formula of melanin then its formation from 5 : 6-di- 
hydroxyindole would entail the utilisation of 2 atoms of oxygen. Starting 
from tyrosine therefore, 5 atoms of oxygen in all w’otild be required to produce 
melanin. The mean of several experiments yielded the figure 5*23 atoms per 
molecule of tyrosine. With 3 : 4-dihydroxyphenylalanine 4 atoms of oxygen 
should be required to produce melanin. Experiment in this instance gave the 
figure 4-12. Tyramine and epinine both show a much slower rate of conversion 
of the red substance to dihydroxyindole or dihydroxy-A’-methylindole re¬ 
spectively, and the figures 4*75 and 3*92 were obtained instead of the theo¬ 
retical 5 and 4 respectively. These results suggest therefore that 2 atoms of 
oxygen are required for the conversion of each molecule of dihydroxyindole or 
its A-methyl-derivative into melanin and they confirm the explanation already 
given of the various stages by which tyrosine is converted into 5 : 6-dihydroxy- 
indole and its 2-carboxylic acid. N -methyltyrosine and adrenaline have also 
been examined by the respirometric method. The former took up 4*92 atoms 
of oxygen and this corresponds fairly well with the 5 atoms required theoreti¬ 
cally for the production of melanin. It has already been pointed out above, 
however, that the course of oxidation of this substance may be more complex 
than that of tyrosine so that the interpretation of this result is uncertain. 
Adrenaline was expected to take up only 3 atoms of oxygen but took up 5-3. 
It is, however, unlikely that the stages in the oxidation of adrenaline are the 
same as those for the other substances described above. When oxidised by 
tyrosinase it yields a black precipitate and a deep reddish-brown solution, 
differing in this respect from tyrosine, which is completely converted into 
melanin. 

Experimental. 

The enzyme used in the following experiments was prepared from meal¬ 
worms by the method already described [Raper, 1926]. 

Action of tyrosinase on tyramine . 

Tyramine hydrochloride was prepared by the method of Johnson and 
Desehavsky [1925]. 1 g. of the hydrochloride in 1 litre of water was warmed 
to 25-30° and 100 cc. enzyme solution were added. The reaction was rapidly 
adjusted to p u 6- 6*5 by addition of very dilute ammonia or acetic acid as re¬ 
quired, the solution saturated with oxygen in a stoppered bottle and well 
shaken. Oxygen was bubbled through at half-hour intervals and the shaking 
repeated frequently. A red colour developed after about 5 minutes and gradu¬ 
ally deepened. After 3 hours the enzyme had precipitated. 10 cc. of 1 % acetic 
acid were added, the solution was filtered and 30 cc. of a saturated solution 
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of S0 2 added. After standing in a stoppered bottle for 24 hours the solution 
was distilled under reduced pressure in a, stream of hydrogen until it was 
reduced to about 20 cc. The reaction products were now methylated in an 
atmosphere of hydrogen, using 13 cc. of 20 % NaOII and 3 cc. of dimethyl 
sulphate. The whole of the alkali was added at once, the solution warmed 
slightly and the dimethyl sulphate added in three portions with vigorous 
shaking. After warming for an hour on the water-bath the solution was cooled 
and shaken out three times with its own volume of ether. The combined ether 
extracts were washed with a little 2 % sulphuric acid, then with water and 
evaporated. A crystalline residue was left. A trace of this dissolved in alcohol 
gave a good indole reaction with p-dimethylaminobenzaldehyde and con¬ 
centrated HC1. It also gave a red dish-violet colour with sodium nitro- 
prusside and caustic soda, which was turned to blue on acidifying with acetic 
acid. The residue crystallised twice from alcohol melted at 154-5° and when 
mixed with 5 : 6-dimethoxyindole the m.p. remained unchanged. An alternative 
method is to allow the red solution obtained as described above to decolorise 
in an atmosphere of hydrogen. The process is hastened by the addition of 
2cc. 10% NaOH. This should be introduced after evacuation of the flask 
containing the solution, shaking to get rid of oxygen, and then admitting 
hydrogen. The disappearance of the red colour takes about 3 days at 25°. The 
evaporation in a stream of hydrogen and the subsequent methylation may then 
be carried out as described above. The ether extract on evaporation yields 
5 : 6-dimethoxyindole. 

Action of tyrosinase on 3 : 4 -dihydroxyphenylethylamine. 

We are indebted to Prof. R. Robinson for the 3 : 4-dihydroxyphenylethyl- 
amine used in this experiment. 1 g. of the hydrochloride was dissolved in 
2 litres of water warmed to 25° and 100 cc. of the enzyme solution were added. 
The p n was quickly adjusted to 6-6*5. On saturation with oxygen and shaking 
a deep red colour rapidly developed and within a few minutes the enzyme had 
precipitated. This is in marked contrast with the period of about 3 hours 
required to reach the same stage with tyramine. After half an hour the solution 
was filtered and placed in a flask, which was then evacuated and filled with 
hydrogen. 2 cc. 10 % NaOH were added and the solution was kept under hydro¬ 
gen for 3 days, when its colour had become a pale brown. It was evaporated 
to small bulk in vacuo in a stream of hydrogen and methylated as described in 
the experiments with tyramine. The ether extract yielded 0*103 g. of a crystal¬ 
line residue which on recrystallisation from absolute alcohol melted at 154-5°; 
mixed m.p. with 5 : 6-dimethoxyindole, 154-5°. The substance gave good indole 
reactions with p-dimethylaminobenzaldehyde and with sodium nitroprussidc. 

Action of tyrosinase on 3 : 4 -dihydroxypJwnylethyhnethylamine. 

The 3 : 4-dihydroxyphenylethylmethylamine hydrochloride (epinine) was 
obtained from Messrs. Burroughs, Wellcome and Co. The procedure used was 
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exactly as described above for tyramine. The epinine was rapidly attacked by 
tyrosinase and in 10 minutes yielded a deep red solution with accompanying 
precipitation of the enzyme. The red substance was allowed to undergo con¬ 
version into the dihydroxyindole derivative either by keeping under hydrogen 
or by adding sulphurous acid as described with tyramine. After concentration 
of the resulting pale brown solution and methylation the ether extract yielded 
a crystalline solid. From 1*9 g. of epinine, 0*40 g. was obtained. This was 
recrystallised from absolute alcohol until its m.p. was constant at 138-9°. 

Micro-analysis: found, H, 6*7 and 6*45%; C, 68*85 and 68*98%. Cal¬ 
culated for C u H 13 N0 2 , H, 6*8 %; C, 69*1 %. 

A solution in alcohol gave a strong indole reaction with p-dimethylamino- 
benzaldehyde and a drop of cone. HC1. It did not give a colour reaction with 
sodium nitroprusside and NaOH, thus differing from 5 : 6-dimethoxyindole. 
A trace of the substance dissolved in glacial acetic acid gave a yellow colour 
changing to brown on adding a drop of cone. HN0 3 and warming; no trace of 
orange or red colour was produced. From analogy with the behaviour of 
3 : 4-dihydroxyphenylethylamine with tyrosinase^ the substance obtained as 
above from epinine should be 5 : 6-dimethoxy-iV - met hy lin d ole, the stages in 
the reaction being represented as follows: 


OH,. ch 2 . nhch 3 ch 2 . c h 2 . nhch 3 



A satisfactory method for the synthesis of 5 : 6-dimethoxy-iV-methy lin dole 
has not yet been found, but from the known changes undergone by tyramine 
and 3 : 4-dihydroxyphenylethylamine when oxidised by tyrosinase there can 
be little doubt that the substance obtained from epinine is the corresponding 
A-methylindole. It will be shown presently that epinine when oxidised with 
silver oxide yields the same substance. 

Action of tyrosinase on Is-methyltyrosine. 

The N-methyltyrosine was kindly prepared for us by I)r J. F. Wilkinson 
by the method of Johnson and Nicolet [1913]. 

1 g. of the amino-acid was dissolved in 750 cc. boiling water, diluted to 
2 litres and cooled to 30°. 80 cc. of the enzyme solution were added, the p H 
adjusted to 6*5 and the liquid saturated with oxygen and shaken vigorously. 
The saturation with oxygen was repeated half-hourly, and the solution was 
shaken at frequent intervals. A red colour was soon produced, and after 
hours the enzyme had precipitated. 10 cc. of 1 % acetic acid were added, 
the solution filtered, and the red filtrate after evacuating and shaking to 
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remove oxygen was kept under hydrogen until the red colour had given place 
to a pale brown. The solution was distilled under reduced pressure in a stream 
of hydrogen until about 20 cc. were left. Methylation was carried out in the 
usual way, using 3 cc. dimethyl sulphate and 12 cc. of 20 % NaOH. The 
alkaline solution was extracted three times with its own volume of ether, and 
the ether extracts were washed with a little water. On distilling off the ether 
about 50 mg. of a clear resinous mass was obtained which partially crystallised 
on dissolving in alcohol and evaporating. It gave a strong indole reaction with 
p-dimethylaminobenzaldehyde. After ether-extraction of the alkaline solution 
resulting from the methylation, it was acidified to Congo red and again ex¬ 
tracted with ether, but only a trace of ether-soluble substance was obtained. 
No greater success was obtained when the red substance obtained by acting 
on A-methyltyrosine with tyrosinase was allowed to decolorise in presence of 
sulphurous acid. After methylation only a trace of ether-soluble substance 
was obtained from the acidified solution. Judged by previous experiments 
with tyrosine it was expected that a reasonable amount of either 5 : 6-di- 
methoxy-A T -methylindole or its 2-carboxylic acid should have been obtained 
according to the procedure used in the decoloration of the red substance. As 
pointed out before [Raper, 1927], the use of sulphurous acid favours the 
formation of the indolecarboxylic acid. The above results show that with 
N - methyl tv rosin e the internal oxidation-reduction process by which the 5 : 6- 
quinone of dihydroxyindole-2-carboxylic acid is converted into the corre¬ 
sponding 5 : fi-dihydroxyindole-2-carboxylic acid is more difficult when the 
nitrogen of the dihydroindole ring is methylated. It is possible that the oxida¬ 
tion of A-methyltyrosine by tyrosinase does not proceed entirely on the same 
lines as that of tyrosine. In the introduction to this communication it has 
been pointed out that by simple oxidative changes arid loss of C0 2 adrenaline 
might be produced. In order to determine whether any pressor substance 
could be detected amongst the oxidation products a solution of 0*025 g. 
A-methyltyrosine in 50 cc. of water was treated with 3 cc. of the enzyme, the 
p H being adjusted to 6*5. After 3 hours, when a good red colour had been pro¬ 
duced and the enzyme had precipitated, a few drops of 0*1 % acetic acid were 
added and the solution filtered. A portion of the filtrate was kept in vacuo in 
a Thunberg tube for 3 days, when it had almost lost its colour. This solution 
was tested for pressor activity by our colleague, Dr A. I). Macdonald, to whom 
our best thanks are due. In the decerebrate cat it produced a rise in blood- 
pressure judged to be equivalent to that given by 1 in 300,000 adrenaline. 
When the red solution obtained by oxidation was decolorised in presence of 
sulphurous acid, the pressor activity was less. Controls with the enzyme 
solution alone had no action. 
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Oxidation of 3:4-dihydroxyphenylalanine and epinine with silver oxide. 

Tyrosine is not attacked when shaken with freshly prepared silver oxide. 
It is well known, however, that catechol derivatives easily reduce ammoniacal 
silver solutions and it was therefore expected that both 3 : 4-dihydroxyphenyl- 
alanine and epinine would be oxidised by silver oxide suspensions. Prelimi¬ 
nary experiments showed that this was so and a more detailed investigation 
was carried out. 

3:4-Dihydroxy phenylalanine. 1 g. of the amino-acid was dissolved in 
400 cc. hot water and cooled to room temperature. To this a suspension of 2*4 g. 
freshly prepared silver oxide in about 100 cc. water were added and the liquid 
was vigorously shaken for 15 minutes. The solution rapidly became coloured 
red and later, deep reddish brown. 10 cc. of a 10 % solution of sodium sulphate 
and 10 cc. of 10 % acetic acid were now added, the solution was shaken for 
a short time, to assist coagulation of the colloidal silver, and finally allowed to 
stand for 30 minutes. It was filtered by suction through filter paper pulp, 
20 cc. of a saturated solution of S0 2 were added to the filtrate and it was left 
overnight. After filtering from a small amount of deposit it was concentrated 
in vacuo in a stream of hydrogen to about 20 cc. The products of the reaction 
were methylated under hydrogen, 8 cc. of 40 % NaOH were added, the solu¬ 
tion was warmed slightly and then 3 cc. dimethyl sulphate were added in three 
portions with vigorous shaking. The alkaline solution was finally heated on 
a boiling water-bath for an hour. After cooling it was extracted three times 
with ether but only a trace of ether-soluble substance was removed. It was 
then acidified with sulphuric acid to Congo red and again extracted three times 
with its own volume of ether. The combined ether extracts were washed with 
a little water and the ether distilled off. The crude residue weighed 0*139 g. 
This was extracted with about 10 cc. boiling water, filtered to remove tarry 
matter and the filtrate taken to dryness in a vacuum desiccator. At this stage 
the products of two preparations carried out as above were worked up to¬ 
gether. After crystallising four times from benzene containing 5 % of acetone 
colourless plates were obtained, m.p. 202-3° with vigorous evolution of gas. 
This corresponds with the behaviour of 5 : 6-dimethoxymdole-2-carboxylic 
acid which loses C0 2 at its melting point and is converted into 5 : 6-dimethoxy- 
indole. A mixture with the synthetic acid gave the same m.p. The acid gave 
4 good indole reaction with p-dimetliylaminobenzaldehyde as also did the 
residue obtained when the acid was allowed to decompose at its m.p. These 
results show that silver oxide and tyrosinase can both bring about the same 
oxidative changes in 3 : 4-di hydroxy phenylalanine. The yield of dimethoxy- 
indole-2-carboxylie acid obtained with silver oxide is smaller than with tyro¬ 
sinase. Probably side reactions occur with the former. 

Epinine . 1 g. epinine in 400 cc. water was treated with 3 g. freshly pre¬ 
pared silver oxide in the way described above for 3 : 4-dihydroxyphenylalanine. 
After removal of the silver by filtration sulphurous acid was added to the 
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solution and it was left overnight. It was reduced to 10 cc. by distillation in 
vacuo in a current of hydrogen and methylation carried out in the usual way, 
using 3 cc. dimethyl sulphate and 8 cc. of 40 % NaOH. Extraction of the 
alkaline liquid with ether yielded 0*142 g. of crude methylation product. This 
was recrystallised twice from alcohol and melted at 138-9°. The m.p. was un¬ 
changed on mixing with the similar product obtained by the oxidation of 
epinine with tyrosinase, which is presumably 5 : 6-dimethoxy-xV-inethylindole. 

Bespirometer experiments . 

These were carried out in a modified form of Haldane’s blood gas apparatus 
[1920]. Instead of the simple flasks used by Haldane, conical flasks with two 
bent side arms, as illustrated, were employed. 



The substrate was placed in the body of the flask, the enzyme solution in 
the lower side arm and a little 30 % KOH in the other. By tilting the flask, 
the enzyme may be added to the substrate after equilibration without removing 
the flask from the thermostat. The KOH absorbs any C() 2 which may be pro¬ 
duced. Flasks witji ground-glass stoppers were used in the later experiments 
as they were found to give more consistent results. The experiments lasted 
several days and during the frequent shaking during this period rubber 
stoppers may suffer slight displacement which affects the reading. 

Solutions used . Tyrosine, 0*05 %; tyramine hydrochloride, 0*1 %; epinine, 
0*1%; 3 : 4-dihydroxvphenylalanine, 0*1%; adrenaline (free base), 0*1% ; 
iV-methyltyrosine, 0*01 %; all in distilled water. In each instance 3 cc. of 
enzyme solution was used. The reaction flask contained 4 cc. phosphate buffer, 
of p n 6 or 8 according to requirements, and 4 cc. of the above tyrosine solution 
or 2 cc. of the solution of the other substances with the exception of iV-methyl- 
tyrosine, of which 10 cc. were used. Thymol was used as antiseptic. The control 
flask contained the same amount of enzyme and buffer solutions, but no 
substrate. The enzyme and KOH solutions were easily introduced into the side 
arms by means of a curved pipette. The bottles were completely immersed in 
a thermostat at room temperature and were mechanically shaken. With the 
taps open to air, 10 minutes , shaking was allowed for equilibration. The taps 


16—2 
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were then closed and after a further 15 minutes’ shaking a reading was taken* 
This was repeated, if necessary, to ensure that equilibrium was established 
before starting the experiment. The enzyme was now added from the side arm 
of the experimental flask and the shaking continued. Readings were taken 
periodically until oxygen uptake Anally ceased, and for confirmation for at 
least two days after this. The readings were corrected for barometric pressure 
and temperature, and are expressed in terms of the number of atoms of oxygen 
taken up per molecule of substrate used (Table I). 


Table I. 


Substrate and its amount 
Tyrosine (2 mg.) ^ 

Pn 

6 

8 

No. of 
exps 

1 

5 

cc. Oj. absorbed 
at N.T.r. 

0*62 

06580631 

Average 
0 2 uptake 
ce. 

062 

0647 

0 2 uptake. 
Atoms per 
molecule of 
substrate 
5*00 

5-23 

b 3 : 4-Dihydroxyphonylalanine f 
(2 mg.) * \ 

6 

8 

*> 

5 

0-4400430 
040 0-447 

0*435 

0*469 

3-82 

4 12 

^-3 : 4-Dihydroxyphenylalanine 
(2 mg.) ” ‘ J 

8 

o 

0*4600466 

0-466 

4*09 

Epinine (2 mg.) 

6 

8 

1 

7 

0*409 

0-4560-408 

0 409 
0*431 

3-71 

3*92 

Tyramine hydrochloride (2 mg.) *| 

0 

8 

9 

0-5380-535 
0-646- 0*565 

0*537 

0613 

417 

4 75 

iV-Methyltyrosine (1 mg.) { Unbl J erod 

1 

2 

0276 

0-3080*258 

0*276 

0283 

4*80 

4-92 

Adrenaline (2 mg.) 

8 

4 

066 - 0*63 

065 

5*30 


Consideration of these results shows that at p n 8 the oxygen uptake is 
always higher than at p n 6, though the differences are not great. The number 
of atoms taken up per molecule of substrate is in accordance with the view that 
tyrosine and tyramine require 3 atoms, and dihydroxyphenylalanine requires 
2 atoms, of oxygen to convert them into 5 : 6-dihydroxyindolc and a further 
2 atoms to convert this into melanin. Epinine requires 2 atoms of oxygen to 
convert it into 5 : 6-dihydroxy-A-methylindole and a further 2 atoms to trans¬ 
form this into melanin. It is possible that reactions other than the main one 
account for the slight divergence from the theoretical values at p u 8, At 
Pn 6 the slower rate of action of the enzyme and its precipitation after a time 
probably account largely for the oxygen uptake being less than the expected 
value. The red substances produced by tyramine and epinine are also much 
more stable than that from tyrosine and much less rapidly converted into the 
colourless dihydroxyindole derivatives. For this reason these substrates are 
probably not completely converted into melanin within the period of time 
during which the enzyme is still active. The figures for A-methyltyrosine 
suggest that the main reaction proceeding is the same as that with tyrosine, 
but the possibility of other reactions occurring has already been pointed out. 

It may be noted that i -3 : 4-dihydroxyphenylalanine, a sample of which 
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was kindly supplied by Dr C. R. Harington, behaves exactly like the naturally 
occurring amino-acid. This was to be expected since the enzyme action is not 
concerned with oxidation of the side chain which contains the asymmetric 
carbon atom. 

If a few drops of 30 % KOH were added to the solution in the experimental 
flask after all enzyme action had ceased a further oxygen uptake was observed. 
This occurred outside the limits of p n at which tyrosinase is active and 
was probably due to production of oxidation products of melanin itself by 
atmospheric oxygen. 

An experiment was carried out with adrenaline at p H 8 in the absence of 
the enzyme. The oxygen uptake observed was 6-14 atoms per molecule of 
adrenaline as opposed to 5-29 with the enzyme present. It is probable there¬ 
fore that oxidation of adrenaline in the air, with the production of the well- 
known pink colour, proceeds on different lines from that produced by the 
enzyme, but what these are can only be discovered by further investigation. 

Summary. 

(1) As a result of the action of tyrosinase, tyramine and 3 : 4-dihydroxy- 
phenvlethylamine yield 5 : 6-dihydroxyindole, 3 : 4-dihydroxyphenyletkyl- 
amine yields 5 : 6-dihydroxy-N-methylindole, and N-m eth y ltyr osi ne yields an 
indole derivative not yet identified. 

(2) N - met h y ltyr os i n e on oxidation with tyrosinase also yields a small 
amount of a pressor substance. 

(3) 3 : 4-Dihydroxyphenylalanine and 3 : 4-dihydroxyphenylethylmethyl- 
amine on oxidation with silver oxide behave in the same way as when oxidised 
by tyrosinase and yield 5 : 6-dihydroxyindole-2-carboxylic acid and 5 : 6- 
dihydroxy-iV-methylindole respectively. 

(4) In the production of melanin from tyrosine and tyramine approxi¬ 
mately 5 atoms of oxygen are utilised per molecule of substrate, whereas 
4 atoms are required by 3 : 4-dihydroxyphenylalanine and 3 : 4-dihvdroxy- 
phenylethylmethylamine. It is probable that 2 atoms of oxygen are needed 
to convert 5 : 6-dihydroxyindole into melanin. 

We wish to express our thanks to the Government Grant Committee of 
the Royal Society for a grant in aid of this work. 
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The sulphur content of pastures has recently become a subject of considerable 
importance both from the point of view of sulphur fertilisation of soils [Alway, 
1927] and in relation to the sulphur requirements of sheep for wool-production 
[Robertson and Marston, 1928]. The question of sulphur deficiency in soils has 
led to very thorough surveys of the total sulphur^content of pastures in different 
parts of the world, but the organic sulphur content of pastures lias received 
little or no attention. Nevertheless the separation of the total sulphur content 
of grasses into organic and inorganic components is important in seeking a 
correlation between the sulphur content of pastures and their value for purposes 
of wool-production, as only organic sulphur can be made use of by animals in 
biological synthesis, in the present paper, a method is described whereby the 
organic sulphur of pastures can be readily determined. It is assumed that all 
the inorganic sulphur in green leaves is in the form of sulphate, whether free 
or as ethereal sulphate. This sulphate-sulphur is therefore estimated and 
deducted from the total sulphur, giving a value for the organic sulphur. 

As regards the nature of the organic sulphur compounds in grass, they 
probably occur as constituents of protein. Woodman 11926] finds 27*92 % 
crude protein in autumn cuts of English grass, while Rigg and Askew [1929) 
find an average value of 33*37 % crude protein for eight samples of New 
Zealand pasture. “Crude protein'’ includes chlorophyll and other non¬ 
protein nitrogen compounds, but the figures are of the right order to account 
for the organic sulphur present in grass, assuming that grass-protein contains 
the average amount of sulphur. In this connection it is to be noted that a 
water-soluble protein prepared from grass, as subsequently described, by the 
‘method of Chibnall and Schryver [1921] did not contain sulphur. This sub¬ 
stance was a proteose, however, not a native protein, and it represented only 
a small proportion of the total nitrogen of the grass. 

Since protein-sulphur in grass would have to form part of an amino-acid, 
the question of the identity of this sulphur amino-acid immediately arises. 
Robertson and Marston [1928] apparently make a tacit assumption that the 
acid is cystine, this being the sulphur constituent of wool and also of wide¬ 
spread occurrence elsewhere in nature [Jones, Gersdorff and Moeller, 1924]. 
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Such cystine could be directly assimilated by sheep and used in the growth of 
wool. However, it is significant that Mueller [1923] finds that methionine, a 
sulphur amino-acid isolated from caseinogen, occurs in wool along with cystine. 
In the experimental section of this paper, attempts to find cystine in grass by 
the ordinary precipitation and colorimetric methods are described. Though 
these were greatly hampered by the difficulty of decolorising the hydrolytic 
products from grass, the results obtained were consistently negative, from 
which it would appear that most of the organic sulphur of grass is not in the 
form of cystine. 

Experimental. 

Preliminary treatment of the grass . 

The following grasses were analysed for sulphur: Cocksfoot ( Dactylis 
glomerata ), Perennial Rye (Lolimn perenne). Prairie Grass (Bromus unioloides ), 
Yorkshire Fog (Holms lanatus ), and Hair Grass (Festuca bromoides). Only the 
blades were collected as these give a more homogeneous sample than is ob¬ 
tained by the inclusion of stalks and heads, which are drier and less palatable 
to stock. The grass was freed from colourless and withered leaves and foreign 
matter, rinsed with water and spread on wire netting to dry. It was then 
reduced to a handy form for analysis by toasting on a hot plate and passing 
through a mincer. The arrangement consisted of a galvanised iron tray 3 ft. by 
2 ft. standing on large tripods; 2 inches below this, a sheet of iron was supported 
on smaller tripods and heated by four Bunsen burners, the hot air from its 
upper surface maintaining the bottom of the tray at about 120°. The grass was 
turned continually till dry and then clipped into short lengths. When suffici¬ 
ently brittle it was put through a mincer and readily reduced to a fine powder. 
The powder was placed in bottles which were heated to 110° in a toluene-oven 
and carefully stoppered. 

In order to determine the moisture content of the grasses, quantities 
(about 8 g.) of the fresh, superficially dry specimen were placed in two beakers. 
One sample was dried in a toluene-oven at 110°, the other in an air-oven at 
120°. The values obtained generally agreed within 0*3 %. 

Estimation of total sulphur in powdered grass. 

The estimation of sulphur in grass by means of sodium peroxide as used 
at the Rowett Institute, Aberdeen, apart from its rather difficult technique, 
has the disadvantage that occasionally sudden ignition occurs, rendering the 
estimation worthless, and also that the sodium peroxide rapidly destroys the 
nickel crucibles. A method was therefore devised by which the Benedict-Denis 
reagent could be used for the oxidation, and this proved both rapid and satis¬ 
factory. After several trials, the following procedure was adopted. 1-1-5 g. 
of grass powder is transferred from a weighing bottle to a 4 in. porcelain dish. 
50 cc. of the Benedict-Denis reagent (125 g. crystallised copper nitrate, 125 g. 
sodium chloride, 50 g. ammonium nitrate, 500 cc. water, all free from sulphate) 



252 


H. A. A. A1TKEN 


is then added and the mixture evaporated to dryness on a curved asbestos 
gauze. It is then brought to a dull red heat at which the copper oxide formed 
completely oxidises the grass. The product is taken up with 50 cc. of 2 N HC1, 
gently evaporated to dryness, and finally extracted by warming with successive 
portions of 2 N HC1, 100 cc. being used for the purpose. Extracts and washings 
are made up to 250 cc. This is filtered by suction and portions of 100 cc. are 
taken in which sulphate is estimated by precipitation with barium chloride. 
In the precipitation of small amounts of barium sulphate, easy filtration is 
ensured by carrying out the precipitation at the boiling point in 3 % hydro¬ 
chloric acid, using a large excess of barium chloride. The solution will clear in 
less than 3 hours and the precipitate is crystalline. 

Three grasses in which sulphur was estimated, both by means of sodium 
peroxide and the Benedict-Denis reagent, gave the following results: 

Cocksfoot Perennial Rye Yorkshire Fog 

Sodium peroxide method 0-438 0*400 0*391 \ t)/ i ^ 

Benedict-Denis method 0*442 0*462 0-390 / /01 " 

Estimation of sulphate-sulphur in'poivdered grass. 

Attempts to extract the sulphates present in powdered grass by simply 
boiling with dilute hydrochloric acid gave rise to solutions containing colloids 
which were liable to be absorbed when the sulphates were precipitated with 
barium chloride. To overcome this, experiments were made in which the grass 
was first subjected to fusion in nickel crucibles with such agents as sodium 
carbonate, sodium acetate, borax, etc. and then extracted. This certainly ob¬ 
viated the formation of colloids, but apparently led to reduction of some of the 
sulphate, as low and variable results were obtained. The method of Rosenheim 
and Drummond, using benzidine hydrochloride as a precipitant, was then tried 
on a grass extract, the presence of colloids being disregarded as the estimation 
depends on a titration with alkali. Low values were obtained, however, as the 
alkali reacted very slowly with the precipitate, protected as it was with colloidal 
material. Finally it was discovered that decolorising charcoal could be conveni¬ 
ently used to remove colloids yielding a solution quite suitable for gravimetric 
estimation of sulphate. After some preliminary experiments, the following 
method was found to give satisfactorily constant results. 2-3 g. of grass 
powder is transferred from a weighing bottle to a 600 cc. beaker and boiled 
gently for half an hour with 100 cc. of 2N NaOH. 200 cc. of 2N HC1 are then 
added and the mixture is boiled for a further half-hour. 2 g. of decolorising 
charcoal, previously freed from sulphate by repeated extraction with boiling 
hydrochloric acid, are added and the boiling continued for about 20 minutes. 
Finally, the product is filtered through a 4 in. Buchner filter, and the precipi¬ 
tate washed several times with dilute hydrochloric acid so as to leave no ad¬ 
hering sulphate. The extract is made up to 500 cc. and sulphate is estimated 
in 200 cc. portions by precipitation with barium chloride. 
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Results of sulphur estimations . 

Examination of five common grasses yielded the results shown in Table I. 




Table I. 



% organic 


Date of 


% total 
sulphur 

% sulphate- 

sulphur 

Grass 

sampling 

% water 

sulphur 

(by difference) 

Cocksfoot 

May 10 

750 

044 

0*21 

0-23 

Perennial Rye 

Aug. 15 

77*1 

046 

0*23 

0*23 

Prairie Grass 

Aug. 21 

80*0 

0*59 

0-34 

0*25 

Yorkshire Fog 

Aug. 21 

77*0 

0*39 

0*13 

0*26 

Hair Grass 

Aug. 21 

73*3 

0 35 

010 

0*25 


It will be seen that there is no great variation in the organic sulphur 
content of these grasses. Indeed, Yorkshire Fog and Hair Grass, which are 
worthless as pasture, are slightly higher in organic sulphur than the valuable 
grasses Cocksfoot and Perennial Rye. It follows that the organic sulphur 
content of grasses does not necessarily bear any relation to their palatability 
and nutritive value. 

On the other hand, a great variation is observed in the sulphate-sulphur 
content of the different species, possibly due to different amounts of sulphate 
in the soils on which the grasses were growing. It seems probable that the 
increase in sulphur content of pastures observed on making sulphur appli¬ 
cations to soil is due to an increase in the inorganic sulphur of the grasses. 

The water-soluble protein of grass. 

In investigating the question of the occurrence of cystine in grass, an 
obvious point of attack is the separation and hydrolysis of the leaf protein. 
Hence it was decided to prepare and examine the leaf protein described by 
Ohibnall and Sehryver [1921}. This was carried out as follows. About 6 lb. of 
fresh Perennial Rye grass was minced first with a coarse, then with a fine 
cutter, and treated with an equal weight of water saturated with ether. After 
allowing 20 minutes for cytolysis to take place, the mixture was expressed 
through silk muslin, a green colloidal solution being obtained. This was filtered 
by .means of a number of large funnels, as the ether present makes suction 
filtering disadvantageous. The resulting clear solution was light brown in 
colour. The water-soluble protein was precipitated by adding sufficient 
2 N H 2 S0 4 to make the whole solution Nj 12. The flocculent white precipitate 
was separated by siphoning off the supernatant liquid, filtering, and washing 
the precipitate with alcohol and ether. Some 10 g. of crude protein was thus 
obtained. This was dissolved in 0*3 % solution of KOI! in 00 % alcohol, as used 
by Osborne and Wakeman [1920], and precipitated by careful addition of 
dilute HC1. The process was repeated twice, after which the isoelectric point 
was determined and found to be at p H 7*3. The protein was found to be soluble 
in 0*4 % ammonia in 60 % alcohol, and this was then used instead of KOH to 
treat the crude protein. The protein gave both the xanthoproteic and the 
biuret reactions, though Chibnall and Sehryver could get no protein colour 
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reactions with the similar material which they isolated from cut grass. The rose 
tint observed in the biuret test and the turbidity produced when the aqueous 
solution was treated with ammonium sulphate indicated that the substance 
was a simple proteose or hydrolysed protein. The purified material was care¬ 
fully tested and found to contain no sulphur. It was concluded that the 
organic sulphur must have remained in the solid residue from the water- 
soluble products. A portion of this was analysed and found to contain 0*42 % 
of sulphur. Hence it was decided to hydrolyse the whole grass and test the 
product for cystine. 

Testing the products of hydrolysis of grass for cystine. 

Folin’s method for the isolation of cystine was first applied to grass powder 
as follows. 500 g. of powdered Cocksfoot grass were hydrolysed with 2 litres 
of 20 % HC1 on the water-bath for 144 hours. The liquid was filtered, partially 
neutralised with 150 cc. of 40 % NaOH and evaporated to low volume at 
10 mm. pressure. Hot saturated sodium acetate was added till there was no 
mineral acid reaction to Congo red, and after standing for two days the pre¬ 
cipitate was filtered by suction, dissolved in idOcc. of 5% HC1 and boiled 
with successive quantities of decolorising charcoal till it was faintly yellow in 
colour. The solution was then brought to p u 5 and allowed to stand. A white 
amorphous precipitate containing a good deal of calcium oxalate was formed 
and this w T as tested for cystine us described by Hunter and Eagles [1927] but 
without result. Finally the precipitate was tested with nitroprusside and found 
to contain no sulphur. In view of t he quantity of grass taken, such a result 
throws considerable doubt on the assumption that the whole* of tin* organic 
sulphur in grass can be represented as cystine. 

It was now decided to test the hydrolysis products colorimetrically for 
cystine. The method of Sullivan [1925, 1926] was adopted as this is supposed 
to be the most specific estimation short of direct isolation. The test solution 
was prepared by boiling 500 g. of grass powder with cone. HCJ for 6 hours, 
filtering, distilling off most of the acid in vacuo , taking up with water and 
decolorising by means of charcoal. Finally it was concentrated to about 200 cc., 
cooled, rendered slightly alkaline with 10 % ammonia [Okabe, 1928], filtered 
and reacidified. On testing 2 cc. with sodium 1 : 2-naphthaquinone-4-sul- 
phonate, as described by Rimington [1929], no red colour stable to hydro¬ 
sulphite could be produced. Thus the colorimetric method also yielded a 
negative result. A point to be considered, however, is that great difficulty is 
experienced in decolorising the hydrolysis products from grass, which almost 
resemble ink in appearance, the colour being perhaps due to combination of 
tannin with the iron present in the grass. It has been shown by Folin and 
Marenzi [1929] that cystine is considerably adsorbed by decolorising charcoal, 
but it is hardly conceivable that the whole of the cystine could be thus ad¬ 
sorbed. Again, the toasting process might have produced chemical changes in 
the cystine, which is not as stable in protein as in the free state [Brand and 
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Sandberg, 1926]. Hence fresh grass was used instead of grass powder. Several 
pounds of fresh, minced Cocksfoot were hydrolysed with concentrated HC1 in 
a large silica basin for 6 hours. The liquid was filtered, concentrated in vacuo 
nearly to dryness, taken up with water, treated with 30 % sodium acetate 
solution till neutral to Congo red, allowed to stand for 48 hours and filtered. 
Precipitate A was so obtained. Half of the filtrate was then treated by 
Gaskell’s [1908] method for the isolation of cystine from urine: the solution 
was rendered slightly alkaline with 10% ammonia, treated with an equal 
volume of acetone and just acidified with acetic acid, when a precipitate 
settled out and was filtered off (Precipitate B). Precipitates A and B were 
united, dissolved in dilute HC1, decolorised with charcoal and tested for cystine 
by Sullivan’s method. The result was negative. The remaining half of the 
filtrate was then treated with 50 cc. of a 30 % solution of phosphotungstic 
acid in 5 % 1I 2 S0 4 . A gummy brownish precipitate was obtained (Precipitate 
C). This was washed with dilute phosphotungstic acid solution and then 
dissolved in dilute NaOH. Phosphotungstic acid was removed by means of 
barium chloride and the barium by means of sulphuric acid. The resulting 
solution was decolorised with charcoal and tested by Sullivan’s method. This 
time a slight colour was obtained, but comparison in a Kober colorimeter 
with a 0*01 % solution of cystine showed that it represented only a trace of 
cystine and indeed might have been due to tyrosine. 

A final experiment was carried out, using Perennial Rye grass instead of 
Cocksfoot. The sulphate-sulphur was first removed by repeated extraction 
with dilute HO), and the grass then hydrolysed with concentrated HC1 in a 
silica basin. That hydrolysis proceeds slowly was shown by the fact that after 
3 hours the insoluble residue still contained 0*20 % of sulphur. The product 
was examined by Gaskell’s method and with phosphotungstic acid as described 
above, but only negative results were obtained. To sum up, no evidence was 
obtained from the experiments on the hydrolysis products of grass in support 
of the assumption that the organic sulphur of grass is present in the form of 
cystine. 


Summary. 

1. The Benedict*Denis method of oxidation has been applied to the 
determination of the total sulphur content of grasses. 

2. A method has been devised for the estimation of sulphate-sulphur in 
grass or green leaves. 

3. The analytical results for five grasses show no relation between the 
nutritive value and the organic sulphur content of grasses. 

4. The water-soluble protein obtained from grass did not contain sulphur. 

5. The occurrence of cystine in quantity corresponding to the organic 
sulphur content of grass could not be demonstrated. 
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XXXII. SURFACE FILMS OF BATYL, CHIMYL 
AND SELACHYL ALCOHOLS. 

By BERT CYRIL JAMES GABRIEL KNIGHT. 

From the Department of Physiology and Biochemistry , University College , 

London . 

(Received February 5th , 1930.) 

The isolation of quantities of batyl, chimyl and selachyl alcohols by Drum¬ 
mond and Baker [1929] in this laboratory provided an opportunity to examine 
thin films of a type of molecule not hitherto studied. Batyl alcohol has been 
shown by lleilbron and Owens [1928] to be an ether of octadecyl alcohol and 
glycerol. Selachyl alcohol is the corresponding glyceryl ether of oleyl alcohol, 
and chimyl alcohol the cetyl alcohol derivative [Drummond and Baker, 1929]. 

The three compounds have therefore the same type of structure, namely 
a long hydrocarbon chain attached by an oxygen atom to a glycerol group at 
either the «- or /3-carbon atom: 

C„H 2rt 4 1 .O.CH 2 CHjjOH 

CHOH or C„H 2Mfl .O.CH 

i I 

CHgOH CHjjOH 

where n -- 18 for batyl alcohol or 16 for chimyl alcohol. 

In selachyl alcohol the hydrocarbon chain is probably 
CH 3 . (CH 2 ) 7 . CH - CH. (CH 2 ) 7 . CH 2 — 
but the position of the double bond is not definitely known. 

Heilbron and Owens [1928] gave reasons for believing that the /3-structure 
was the correct one. More recently, however [Heilbron, 1929], it is stated that 
attempts are being made to synthesise structures of the a-type, this being 
regarded as the more probable structure. The measurements on the films to 
be described in this paper provide strong evidence in favour of t he a-stnicture. 

Experimental. 

The apparatus and technique used in the study of monomolecular films 
have been fully described by Adam and Jessop [1926]. Dilute solutions of the 
several alcohols in benzene were accurately prepared. The benzene was re¬ 
fractionated and finally distilled in an all-glass (pyrex) apparatus before use. 
It left no residual film upon water. A small quantity of solution was placed 
upon a clean water surface in a Langmuir-Adam trough by means of a capillary 
drop-pipette. 
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The water used in the trough was laboratory-distilled, further purified by 
redistillation from alkaline permanganate in a large pyrex still with ground 
joints. Before a film was applied the water surface was always tested for 
contamination by sliding the barrier to within 2 cm. of the float of the torsion 
apparatus. No deflexion is noted if the surface is clean. 

Materials . One sample of batyl alcohol had been obtained from the liver 
oil of the Greenland shark, Somniosus microcephalus. It had been purified by 
several recrystallisations from ether and melted at 69°. Another specimen had 
been obtained by the hydrogenation of selachyl alcohol. After purification it 
also melted at 69°. The specimen of chimyl alcohol was isolated from Japanese 
shark-liver oil and after recrystallisation from ether melted at 62-62-5°. 

The selachyl alcohol was fractionated from Japanese shark-liver oil and 
purified by refractionation. It boiled at 236-239° at 5 mm., but the iodine 
value was slightly higher than the theoretical. 

The films of the three alcohols were studied between 0° and 40°, a range 
which includes the transition temperatures from condensed to expanded films 
of batyl and chimyl alcohols. 

Discussion. 

The results of the measurements are illustrated by the curves in Figs. 1 and 
2, which show the relation between the area occupied by one molecule in the 
film and the compressing force. 



Fig. 1. 

The films of batyl alcohol and chimyl alcohol showed a close resemblance 
to those of the a-monoglycerides [Adam, Berry and Turner, 1928], both con¬ 
densed and expanded films being formed. The curves for chimyl alcohol are 
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identical with those of a-monopalraitin at every temperature, within experi¬ 
mental error: the condensed and expanded films, the transition region and 
the temperature of expansion being practically the same. 



Area per molecule: sq. A. 

Fig. 2. 

Condensed films. The condensed films are liquid, as shown by the move¬ 
ment of talc particles scattered on the surface. The films are of the close-packed 
head variety, with slight rearrangement under pressures greater than about 
6 dynes/cm. The values for the cross-section of the molecule for the two arrange¬ 
ments (extrapolated graphically to zero pressure) are included in Table I. 


Table I. 



Cross-section, sq. A. per 

molecule 


Head 

Rearranged 

Difference 

a- Monoglycerides 

2 6-3 

— 

— 

Batyl alcohol 

26-0 

24-8 

12 

Chimyl alcohol 

28-6 

27*4 

12 

(Difference) 

(2-6) 

(2-6) 

— 

Mono-octadecvlmalonic acid 

3d 

— 

— 


All values iQ-4 sq. A. 


It will be seen that the curves for the condensed films of the two substances 
are sensibly parallel, with chimyl alcohol about 2-6 units greater in area. This 
may be due to a slight trace of unsaturated impurity which might be expected 
from the mode of preparation. The values for the cross-section given by batyl 
alcohol are probably more nearly correct. They agree very closely with the 
values found by Adam, Berry and Turner for a-monoglycerides, namely 
26*3 ± 0*5 sq. A. 
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If batyl alcohol had the /J structure I, since the two —CH 2 OH groups are 
symmetrically placed, it might be expected to orient itself at the water surface 
as in the figure. In this case it would be expected that the cross-section of the 
head would be considerably greater than the value for cetyl alcohol, which is 
21*6 sq. A., because two —CII 2 OH groups per molecule would have to be 
packed side by side. This is borne out by measurements of K. K. Adam (private 
communication) on mono-octadecylmalonic acid II. This gives a solid condensed 
film, with an area of about 86 sq. A. at no compression. 

If, on the other hand, batyl alcohol has the unsymmetrieal a structure III, 
its orientation would be expected to be that of the tf-monoglycerides IV, with 
“the three carbons of the glycerol nearly vertically above one another” 
[Adam, Berry and Turner, 1928]. The cross-sectional areas should therefore 
be the same. 

The close agreement found experimentally is strong evidence in favour of 
the unsymmetrieal a-structure for batyl and chimyl alcohols. 

Expanded films. On raising the temperature the liquid condensed films give 
liquid expanded films. The temperatures of half expansion at 2 dynes/cm. 
pressure are: 

chimyl alcohol 17*5° 

batyl alcohol 35*5°. 

The expansion is of the usual type, with the transition region not horizontal. 

In the expanded films the areas at no compression are: 

chimyl alcohol 65*0 ± 3 sq. A. 

batyl alcohol 600 ± 3 sq. A. 

a-monoglycerides 70*0 ± 3 sq. A. 

These values are interesting as further examples of expanded films having an 
area at no compression differing considerably from the value 48 sq. A. found 
for so many substances, and upon which had been based the coiled-chain 
hypothesis of the structure of these liquid expanded films. This hypothesis 
was abandoned when it was shown that ^-dodecyl- and j»-nonyl-phenols and 
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the a-monoglycerides gave areas differing from this value [Adam, Berry and 
Turner, 1928]. 

Selachyl alcohol also gives an expanded film but it is so much above its 
transition temperature that lowering the temperature to 0° does not cause it 
to condense. 

Summary. 

Measurements have been made of monomolecular films of batyl, chimyl 
and selachyl alcohols between 0° and 40°. 

The values for the cross-section of the heads of batyl and chimyl alcohols 
are compared with the value for a-monoglycerides. Evidence is adduced that 
these two alcohols have the unsymmetrical a-glyceiyl ether structure. 

I am indebted to Dr N. K. Adam for communicating to me his results 
on mono-octadecylmalonic acid. My best thanks are due to Prof. J. C. 
Drummond for supplying me with the specimens of the three alcohols. 
Acknowledgment is made to the Department of Scientific and Industrial 
Research for a personal grant. 
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Early work on the occurrence of pectins and hemicelluloses showed that these 
substances were normally to be found in association in the cell-wall, the 
relative amount of each being dependent on the condition of the tissue, i.e. 
whether lignified or non dignified [Clayson, Norris, and Schryver, 1921]. 
Subsequent work [Candlin and Schryver, 1928] indicated the existence of an 
intimate relation between the two classes of substances, since pectin was shown 
to undergo decarboxylation under the influence of alkali, yielding inter alia 
a substance of the hemicellulosetype. The yield of hemicellulose obtained bv this 
treatment was invariably low, amounting only to 12-20 % of the pectin taken; 
further, these workers were unable to determine the nature of the products 
which represented the major part of the pectin. This might have been due to 
the fact that, as is well known, the sugars readily undergo profound changes 
in the presence of alkali, giving a variety of indefinite degradation products. 
It would follow therefore that if, as would seem possible from its accepted 
constitution, the pectin molecule yields sugars on decarboxylation, these 
latter would be destroyed immediately by the alkali present. 

Since, however, the decarboxylation of pectin is a reaction likely to throw 
some light upon the question of the relationship between certain of the cell- 
wall substances, it is desirable to establish the nature of the substances other 
than hemicelluloses produced thereby. With this object it is necessary to 
employ a decarboxylating reagent which will not tend to destroy these other 
products, and it has been found possible to use hot water for this purpose. 
By this means, pectin has been shown to yield an insoluble substance, of the 
hemicellulose type, and one or more soluble substances, probably sugars. 

The insoluble product finally obtained appears to have undergone much 
more complete decarboxylation than the end-product (hemicellulose) described 
by Candlin and Schryver [1928]. From this insoluble product, a substance of 
the hemicellulose type has been separated, containing 6-2 % of uronic an¬ 
hydride, and yielding a mixture of sugars on hydrolysis. 

The investigation of the soluble products is not complete, but it is thought 
that the observation that pectin can be decarboxylated by means of hot water 
is of sufficient interest to warrant the publication of a brief account of the work 
at the present stage. 
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Experimental. 

Methods of decarboxylation. For the earlier experiments, sodium pectate, 
prepared by the method given by Candlin and Schryver. was used. The re¬ 
actions were carried out in silica vessels, as it was thought that the use of hot 
water under pressure might result in the liberation of free alkali from glass 
vessels. 

About 04 g. sodium pectate was placed in a silica boiling-tube, with 8 ec. 
water, and the mixture was heated in an autoclave for 6 hours at approximately 
125° (20 lb. per sq. in.). At the end of this period, the solution of pectin 
had assumed a faintly orange colour. The “uronic anhydride 55 content of the 
whole of the product was determined by the method of Nanji. Paton and Ling 
[1925]. It was found that little decarboxylation had taken place, the uronic 
anhydride content having fallen only by 3 % (calculated on tin', original 
uronic anhydride content of the sodium pectate). 

it was thought, however, that the elimination of carbon dioxide from 
pectates might be a balanced reaction, in which case removal of carbon 
dioxide from the system would alter the equilibrium and induce further de¬ 
carboxylation. With this point in view, the experimental conditions were 
modified as follows. 

A nickel crucible containing approximately 2 g. potassium hydroxide was 
placed in the autoclave, the top of the crucible being well above the level of 
the water, but below the level of the mouth of the tube containing the sodium 
pectate. By the use of this device, any carbon dioxide evolved during the 
reaction was removed immediately. 

A sample of sodium pectate heated thus for 5 hours at 153° (60 lb. per 
sq. in.) gave a product whose uronic anhydride content was 58 % less than 
that of the original sodium pectate, indicating that by this modification of the 
experimental conditions decarboxylation could readily be achieved. It was 
found that raising the temperature or prolonging the time of heating resulted 
in increased decarboxylation, but that at temperatures above 153° charring 
was liable to occur. 

The possibility existed, however, that hydrolysis of the sodium pectate 
might occur during this process, giving rise to free alkali, which would produce 
secondary changes in the products of decarboxylation. For this reason it was 
decided to abandon the use of sodium pectate, and to use citrus pectin itself. 
This substance is considered by most workers to be entirely organic. 

On heating citrus pectin (0-2 g. in 10 cc. water) at 153° for 1J hours, a fall 
in the uronic anhydride content of 35 % was observed. The resultant products 
consisted of a dark brown solid, together w r ith an orange coloured liquid. 

The insoluble products . The brown solid, which on drying was light grey 
in colour, was further examined. 

2 g. of citrus pectin dissolved in 100 cc. water were heated in the autoclave 
at 153° (60 lb. per sq. in.), in the presence of potassium hydroxide, as described 
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above. Experiments were made to determine the effect of the time of heating 
on the yield of the brown product. In each case, at the end of the period of 
heating the reaction mixture was filtered while hot through a Munroe crucible, 
and the solid product was washed thoroughly with boiling water, and dried 
at 100°. The uronic anhydride content of the product obtained in each case 
was determined (Table I). 

Table I. 


Time of 

Wt. of insoluble product 

,-* - ^ 

Uronic anhydride 

heating (hrs.) 

At (g.) 

Bf (g.) 

content (%) 

(0 

— 

— 

69-4*) 

2 

0-086 

0*086 

58*2 

4 

0-128 

0-137 

32*1 

6 

0-156 

0-147 

20-8; 21-2 

16 

0-218 

0-204 

12-7; 12-0 

48 

0-346 

0*352 

3 6; 3-6 

96 

0-403 

0-413 

— — 


* Original citrus pectin. f Duplicate experiments. 

From these figures it seems that the final product given by treatment with 
hot water has a very low uronic anhydride content, and that the amount of 
insoluble product reaches a limit on prolonged treatment. The maximum yield 
of the product amounted to about 20 % of the pectin taken, a figure com¬ 
parable with that obtained by Candlin and Schryver for the yield of hemi- 
cellulose given by alkali decarboxylation. 

For further investigation of the insoluble product, a rather larger sample 
was prepared by heating citrus pectin with 50 times its weight of water at 
153° for 48 hours; 2 g. of product were obtained in all. This was extracted with 
300 cc. of 4 % sodium hydroxide, the insoluble residue being removed. To the 
extract glacial acetic acid was added until the liquid was very faintly acid, 
after which the solution was treated with an equal volume of 95 % alcohol. 
A brownish coloured precipitate was produced. This settled after standing for 
some hours and was filtered off, washed thoroughly with 95 % alcohol, and 
dried. The substance thus obtained was in the form of a brown powder. A 
yield of 1-14 g. was obtained from 2 g. of the original insoluble product. Its 
uronic anhydride content was found to be 6-2 %. This is considerably lower 
than the uronic anhydride content of the hemicellulose described by Candlin 
and Schryver. The general behaviour of the substance, however, indicated 
that it belonged to the hemicellulose class. It yielded a mixture of sugars on 
hydrolysis with dilute sulphuric acid. 

The soluble products . As stated above, an orange coloured liquid was ob¬ 
tained together with the insoluble brown product on heating pectin with water 
for some hours at 153°. This liquid became slightly opalescent on cooling; it 
was not possible to obtain a perfectly clear solution by filtration. On treat¬ 
ment with 4 volumes of alcohol the solution became quite clear, there being no 
precipitate of a gel of pectin; it was concluded therefore that the original 
pectin had been destroyed completely on heating. The addition of acid to the 
solution gave no gel of pectic acid. 
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The solution was neutral to litmus, and did not give the naphthoresorcinol 
test for sugar acids. It possessed strong reducing properties, and appeared to 
contain sugars. It seems certain that the use of liot water as a decarboxylating 
agent avoids that destruction of the soluble products which renders the use 
of alkali objectionable. 

Summary. 

1, It has been found possible to produce decarboxylation of pectin by 
means of hot water under pressure, provided that the carbon dioxide evolved 
during the reaction is removed from the system. 

2. The products obtained by such decarboxylation consist of an insoluble 
substance, probably a heraicellulose (mixed with a small quantity of undeter¬ 
mined matter), and one or more soluble products, possibly sugars. The hemi- 
cellulose-like substance has a uronic anhydride content of 6*2 %. 

The work described in this paper was undertaken at the suggestion of the 
late Prof. S. B. Schryver, under whose direction the early experiments were 
carried out. The author wishes to place on record his indebtedness to Prof. 
Schryver for advice and encouragement. 
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XXXIV. THE COMPOSITION OF THE MIXED 
FATTY ACIDS PRESENT IN THE GLYCERIDES 
OF COD-LIVER AND CERTAIN OTHER FISH- 

LIVER OILS. 
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In the course of an investigation into the production and medicinal qualities 
of cod-liver oil obtained in various parts of the British Empire, undertaken in 
conjunction with Prof. J. C. Drummond of University College, London, on 
behalf of the Empire Marketing Board and the Medical Research Council, 
information of a quantitative nature has been collected as regards the com¬ 
position of the mixed fatty acids present in specimens of Newfoundland, 
Scottish and Norwegian cod-liver oil, and also of the mixed fatty acids com¬ 
bined in the liver oils of coalfish (saith), hake, ling, skate and dogfish taken 
from off the north-eastern or north-western coasts of Scotland. The latter 
group of oils was from fish taken during July September 1928 during cruises 
of the Scottish Fishery Board’s research steamer 48 Explorer,” and w r e would 
express our cordial thanks to the Board, and to Dr A. Bowman of their 
Aberdeen Marine Biological Station, for the facilities given to one of us on 
board the 44 Explorer” and for the particulars of feeding, etc., supplied in 
respect of the various fish. 

Our object has been to collect data of an approximately quantitative kind 
with reference to the respective proportions of myristic, palmitic, and stearic 
acids, and of unsaturated acids containing respectively 16, 18, 20 and 22 
carbon atoms in the molecule. The analytical methods employed do not, un¬ 
fortunately, permit of the simultaneous determination of the individual un¬ 
saturated acids present, in view of the complex mixtures of these (especially 
in the C 20 and C 22 series) which are generally present in these oils. We have to 
content ourselves, so far as the present records are concerned, with an ap¬ 
proximate expression of the average degree of unsaturation of each group 1 , 
accompanied where possible by qualitative information as to the nature of the 
components. 

1 This is conveniently given in terms of the average number of gram-atoms of hydrogen lacking 
as compared with the corresponding saturated acid: thuB ( - 2-0 H) indicates the presence of acids 
containing only one ethylene linkage, i.e. acids of the monoethylenic (oleic) series. 
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Whilst, so far as we know, quantitative figures of this kind have not been 
previously published for any of the liver oils in question, qualitative informa¬ 
tion has appeared from time to time, the earliest definite contribution in the 
case of cod-liver oil being that of Bull [1906], who isolated palmitoleic (A 9:10 
hexadecenoic acid [Armstrong and Hilditch, 1925, 2]) from cod-liver oil; 
references to the occurrence of highly unsaturated (“clupanodonic”) acids of 
the Qso and C 22 series in cod-liver oil were first made by Tsujimoto [1913] and 
by Marcusson and Botger [1914], Other data on the fatty acids of the liver 
oils now under consideration may bo summarised as follows. 

Cod-liver oil. Palmitoleic acid [Schmidt-Nielsen, 1922], gadoleie acid [Bull, 
1906], “clupanodonic” and “jecoric/’ acids [Fahrion, 1917]; highly un¬ 
saturated acids [Toyama and Tsuchiya, 1925]; qualitative data for the liver 
oil of Gadus macrocephalus [Toyama, 1926]; some mixed glycerides of cod-liver 
oil [Suzuki and Masuda, 1927, 1928]; relation of composition to vitamin 
content [Holmes, 1924]; percentage of highly unsaturated acids given (from 
insoluble polybromides) by various workers as 10-15 %. 

Coal fish (sailh)-liver oil. Percentage of highly unsaturated acids (from 
ether-insoluble polybromides) about 17 % [Lewkowitseh-Warburton, 1922]. 

Liny-liver oil. Percentage of highly unsaturated acids from ether-insoluble 
poly bromides, about 14 % [Lewkowitseh-Warburton, 1922]. 

Dogfish-liver oil. Unsaponifiable content has been found between the limits 
of 4 and 32*9 %, both squalene and cholesterol being frequently present; the 
iodine value of the mixed fatty acids is usually lower than in the preceding 
cases [cf. Chapman, L918; Lexow, 1922; Holmes and Pigott, 1925]. 

The sources of the oils which we have examined arc given in Table I, 
together with additional information in some cases as to the food observed in 
the fish, the sex or condition, etc., whilst the general analytical characteristics 
of the oils, together with their comparative vitamin A potencies as indicated 
by the antimony trichloride colour test, are given in Table II. 

In order to secure comparative data for the whole oils, the investigation 
was conducted in each case on the “crude 7 ’ (i.e. not refined or chilled) material 
obtained by rendering the livers for a short time with open steam in a small 
experimental digester. 

The cod- and saith-liver oils were all pale-coloured and of fair to high 
vitamin potency. The remainder of the specimens were much darker in colour: 
the ling oil and one of the hake oils were extremely rich in vitamin, but in 
other samples of hake-liver oil examined (four in all) the vitamin potency was 
of a comparatively low order, judged by the colorimetric test. The vitamin 
content of the skate and dogfish oils was not high, but these liver oils are of 
special interest from the standpoint of their component fatty acids or their 
content of unsaponifiable matter. 
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Table I. 


Subdivision Teleqstomj. Family Gadidae. 

Species Fish Source, etc. 

Qadua morrhua, L, Cod, Newfoundland Bay de Verd, 1928 season, cod feeding on squid. 

„ „ Cod, Scottish Moray Firth, end of March, 1928 (after spawning, fish mainly “spent”). 

„ „ Cod, Norwegian Lofoten, 1029 season. 

Stomach contents 
Fish remains (2), 
herring (6), Me- 
ganyctiphanes (14), 
small $qualu8 acan- 
thias(l), empty (59). 
Fish remains, mostly 
herring (21), Oadu6 
esmarkii ( 1 ), Oadus 
merlangus ( 1 ), empty 
( 10 ). 

All empty 
All empty 
All empty 

Empty. 


Chiefly sand-eels 
( Ammodytes ), a few 
with Annelids and 
Pnrtunus sp. 


Species 

Fish 

Position 

Depth m. 

Date 

No. 

Size, etc. 

Qadus virens 

Coalfish 
(saith) I 

55° 24' N., 4° 59 # W. 

73 

30. viii. 28 

82 

60-90 cm., 
mostly adult 

>t 


Coalfish 
(saith) II 

56°54' N., 7° 10' W. 

148 

22. viii. 28 

33 

42-75 cm. 

Merhuxius 

merluecius 

Hake I 

Hake II 

58°03' N., 6° 13' W. 

(SOWN., 7° 10' W. 

137 

148 

17. viii. 28 

22. viii. 281 

25 

46 

48-104 cm., 
mostly adult 
38—78 cm., 


»» 

156°02' N., 7°03'W. 

78 

23. via. 28) 

\ 

adult 

>i 


Hake III 

55°34' N.,5°24£' W. 

88 

12. ix. 28 

16 

69-100 cm., 
adult (2 males, 
14 females) 

Molva molva 

Ling 

58°03' N., 6° 12' W. 137 17.viii.28 1 141 cm., 

spent female 

Subdivision Elasmobranchii. Family Rajidae. 

r 17 23-45 cm., '| 

males 

Raia maculata 

Skate 

58M7'N„ 6°11'W. 

15—18 13. viii. 28 < 

Family Squalidae. 

! 23 22 53 cm., ( 

' females developing 
reproductive 
organs J 

Squalus 

ocanlhia8 

Dogfish 

68°29' N., 7° 35' W. 

130 

16. viii. 28 

154 

47-83 cm., 
developing 
reproductive 


Fish remains, mostly 
herring (110), Mos- 
chiles (43), empty 
(30) 


Table II. General analytical characteristics of the liver oils. 


Fish-liver oil 

Saponification 

equivalent 

Iodine 

value 

Free acidity 
(as % 
oleic acid) 

Unsaponi- 

fiable 

% 

Colour of oil* 

Yellow Red 

Vitamin A 
(oolorimetric) 
blue units 

Cod (Newfoundland) 

30 H 

163-0 

0*46 

0*87 

3*2 

0*1 

9*0 

Cod (Scottish) 

3051 

177*1 

0*45 

0 91 

3*3 

0*1 

110 

Cod (Norwegian) 

302*6 

161*8 

0*27 

0*63 

1*7 

0*0 

3*0 

Co&lfish (saith) I 

302*2 

167*1 

0*05 

0*80 

4*8 

0*6 

9*5 

Coalfish (saith) II 

304*8 

167*5 

0*07 

0*60 

4*9 

0*5 

7*8 

Hakel 

302*7 

150*6 

0*14 

0 91 

12*3 

0*8 

21*7 

Hake 11 

304*2 

158*5 

0*14 

1*65 

6*4 

0*9 

3*4 

Hake HI 

301*3 

149 2 

0*12 

1*21 

16*0 

2*3 

ca. 8 

ling 

300*0 

150*3 

0*22 

110 

8*7 

0*8 

29*3 

Skate 

332*8 

210*2 

0*38 

0*31 

ca. 30 

8*6 

3*1 

Dogfish 

343*6 

121*8 

014 

10*5 

9*3 

0*8 

6*6 


* Determined in a V cell by the Rosenheim-Schuster colorimeter. 
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General experimental procedure. 

Broadly speaking, the method followed in determining the composition of 
the mixed fatty acids was based on that described for the similar analyses of 
the fatty acids in the head and blubber oils of the sperm whale [Hilditch and 
Lovern, 1928], namely, division of the acids into two (or three) groups, mainly 
saturated and mainly unsaturated, by crystallisation of the less soluble lead 
salts from alcohol, followed by conversion of each group into methyl esters 
and systematic fractional distillation and refractionation of the latter under 
as high a vacuum as possible. 

Fish-liver oil acids are amongst the most difficult to handle accurately by 
this method for the following reasons: 

(i) the unusual number and complexity of the fatty acids present; 

(ii) the readiness with which the very highly unsaturated acids of the C 20 
and C 22 series oxidise on exposure to air and polymerise when heated; 

(iii) the presence of mono- (and small amounts of di-) ethylenic acids con¬ 
taining 10 and H carbon atoms (mainly palmitoleic acid, C 1(J H 30 O 2 ); 

(iv) the sparing solubility of the lead salts of the monoethylenic acids of 
the C 20 and C 22 series (gadoleic and cetoleic acids). 

We introduced a number of additional precautions as described below in 
order to cope with these complications so far as possible, and we believe that 
the figures given for acids up to and including the C 18 series are within 1 or 2 
units of the true figure, but it is possible that those for the C 20 and acids 
may not in all cases be of this order of accuracy. Having pointed out, however, 
that the data obtained are probably not quite of the same order of certaintv as 
in cases of simpler mixtures of acids, we must add that they furnish an approxi¬ 
mate guide to the general composition of the acids and serve to reveal certain 
similarities and dissimilarities between different kinds of marine animal oils 
which it has not hitherto been possible to detect. 

Some details of the analytical methods used are as follows. 

Lead salt separations. The mixed fatty acids (1 part) from the liver oil under 
examination were treated with lead acetate (0*7 part) in 95 % alcohol (10 
parts), the acids and the lead acetate being separately dissolved in half of the 
alcohol to be employed, and the boiling solutions mixed, heated under a reflux 
condenser for 15-20 minutes and set aside at room temperature overnight. 
The separated lead salts, which were frequently somewhat amorphous owing 
to the presence of lead gadoleate and cetoleate, were recrystallised from a 
volume of 95 % alcohol equal to that used in the first place and containing 
1 % of acetic acid. The flasks containing the hot alcoholic solutions of lead 
salts were tightly stoppered before cooling, thus preventing access of air to 
the cold solution; liberation of fatty acids from the lead salts (and from the 
original saponified oil) was always carried out in an atmosphere of carbon 
dioxide and all collected specimens of fatty acids or the methyl esters were 
stored under nitrogen. 
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In a few instances three groups of fatty acids were esterified: 

(i) those from the recrystallised lead salts (“solid” acids $); 

(ii) those from the alcohol liquors from the recrystallisation (“liquid 
acids LR ); 

(iii) those from the original alcohol liquors containing dissolved lead salts 
(“ liquid ” acids L ); but it was observed that the acids LR and L were of much 
the same composition, and therefore these two groups were more usually 
united and dealt with as “liquid” acids L. 

Fractional distillation. The primary distillates were usually collected in 
about four fractions, each of which of course was far from being a simple 
mixture; refractionation of each fraction, however, led to mixtures of esters 
which were apparently sufficiently simple for approximate estimation of their 
composition from consideration of the saponification equivalent and iodine 
value. 

Myristic acid, palmitic acid, dihydroxypalmitic acid (m.p. 124-125°) and 
dihydroxystearic acid (m.p. 129-130°) were identified from various fractions of 
the Scottish cod-liver oil esters after oxidation of the corresponding soaps in 
alkaline solution with ice-cold permanganate, but formal identifications were 
not made in the cases of esters from the other oils, the fractionation data in¬ 
dicating similar qualitative composition in each case, and the presence of the 
individual acids concerned having been definitely established in the majority 
of the oils by previous workers. 

The fractionation of the portions of esters most likely to contain highly 
unsaturated derivatives was in each case completed as rapidly as possible, and 
all ester fractions were stored under nitrogen, the iodine values being deter¬ 
mined as soon as possible after distillation. To a large extent these precautions 
eliminated errors due to oxidation or polymerisation at the ordinary tempera¬ 
ture, but in the majority of cases appreciable polymerisation of the highly 
unsaturated components took place during the distillations, as evidenced by 
the properties of the undistilled residue and progressive decline in iodine value 
of the higher-boiling fractions. It was therefore decided in such cases to 
abandon the usual method of estimation, using both iodine values and saponi¬ 
fication equivalents, and to obtain an approximate estimate from the latter 
alone. 

It was very noticeable that the unsaturated esters from different oils varied 
greatly in their tendency to undergo polymerisation during heating; some were 
hardly affected at all, others quite appreciably. The time and degree of ex¬ 
posure to heat were much the same in all cases, and it remains to be determined 
whether this behaviour is due to the presence of different isomeric unsaturated 
acids in different oils, or whether it is conditioned by some external factor such 
as catalytic action of the walls or internal fittings of the distillation bulb. 

Calculation of the results. This was carried out on similar lines to those which 
we have described at length in earlier papers on this subject [cf. Hilditch and 
Lovern, 1928; Hilditch and Jones, 1929], with the following additions. 
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(i) Composition of low-boiling fractions containing saturated esters. Owing to 
the presence of unsaturated acids of the C 16 (and C 14 ) as well as the C 18 series, it 
happened not infrequently that methyl palmitate (or myristate) was accom¬ 
panied by two unsaturated esters ( e.g . methyl palmitoleate and oleate), and 
moreover the latter esters usually contained a certain proportion of dicthylenic 
as well as monoethylenic compounds. This upset the usual procedure by which 
a mixture of two saturated and one unsaturated ester can be arithmetically 
analysed from its iodine value and saponification equivalent, and in such cases 
the ester fractions concerned (1 part) were oxidised in acetone solution (10-15 
parts) with sufficient powdered potassium permanganate (2-5 parts, according 
to the unsaturation of the fraction) to convert all ethylenic esters present into 
acidic products [ef. Armstrong and Hiklitch, 1925, 1]; the residual saturated 
esters were weighed and their composition estimated from their observed 
saponification equivalent. 

(ii) Composition of high-boiling fractions containing possibly polymerised 
C 20 and C 22 esters. In order to estimate these by means of the equivalent alone, 
as indicated above, it was necessary to deduce the average equivalents of the 
un saturated C 20 and 0 22 esters present, since these were lower by several units 
than those of the corresponding saturated esters. To do this the assumption 
was made that mixtures of unsaturated esters of the same molecular carbon 
content distil together in constant proportions—an assumption which we 
know from experience to be very nearly, but not rigidly, correct in the case of 
methyl oleate and methyl linoleate. Then, commencing from the simpler 
mixtures of lowest boiling point (e.g. methyl palmitoleate with methyl oleate 
and linoleate) it was possible to determine the average unsaturation of the 
latter esters; and, by selecting suitable fractions corresponding with mixtures 
of unsaturated C 18 and C 20 esters, to repeat the calculation and determine an 
approximate average iodine value for the C 20 group; and, again, similarly for 
the C 22 group of esters. These approximate iodine values determine within 
small limits the average molecular weights (equivalents) of the corresponding 
groups of esters. 

It is proposed to give, by way of illustration, the detailed estimations of 
increments of the various groups of esters in the analysis of the Newfoundland 
cod-liver oil, but, in order to shorten the tabulated results as much as possible, 
the experimental data for the remaining ten oils are tabulated and followed 
by a statement of the final fatty acid compositions arrived at from each analysis. 


Newfoundland cod-liver oil. 


Table III a. Lead salt separation. 



g* 

% 

Saponification 

equivalent 

Iodine 

value 

‘‘Solid” acids 8 

740 

21*1 

266*2 

59*4 

“Liquid” acids L 

276*0 

78*9 

286*0 

173*4 
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Table III b. Fractionation of methyl esters. 


Primary fractions Refraotionations 


No. 

g- 

b.p./I mm. 

Sap. eq. 

i.v. 


No. 

g* 

b.p./I mm. 

Sap. eq. 

I.V. 




(i) Esters of 

“solid” acids S. 









1 

CS 11 

17*62 

100-120° 

256*1 

10*9 

8 1 

37*71 

110-130° 

261*8 

19*6 


] 8 12 

8-13 

120-125 

266*1 

17*2 






1 

[S13 

7*30 

Residue 

284*0 

42*3 

8 2 

15*73 

130-160 

287*8 

61*4 







8 3 

5-47 

160-163 

309*0 

104*3 







8 4 

11*40 

Residue 

337*0* 

145*7 










(ii) Esters of 

“liquid” 

acids L. 










rui 

4*98 

100-131° 

253*4 

00*4 

11 

65*81 

122-140° 

269*1 

86*3 


112 

35*87 

131-132 

263*5 

82*4 






l 

[L 13 

10*22 

Residue 

285*5 

115*5 







fi 21 

7*25 

115-142 

267*7 

101*5 

L 2 

67*90 

140-150 

291*5 

125*5 

4 

L 22 

49*46 

142-145 

287*1 

120*4 






1 

[I 23 

6*88 

Residue 

293*0 

200*8 







(L 31 

6*48 

135-156 

301*6 

161*4 

L 3 

70*36 

150-170 

319*1 

215*1 

\ 

132 

55*87 

156-162 

312*2 

214*5 






1 

Jj 33 

9*42 

Residue 

333*2 

259*9 

2,4 

14*33 

170-181 

338*6 

260*7 



V 




L 5 

19*96 

Residue 

377*9* 

234*8 








* Saponification equivalents of residual esters, freed from unsaponifiable material, 8 4: 330-0, L 6: 332*4. 


Table III c. Determination of saturated components of ester fractions by oxidation . 



Weight taken 

Saturated ester present 
--*-, 

No. 

g* 

g* 


Sap. eq. 

8 11 

13*39 

11*59 


256*6 

8 2 

11*71 

5*26 


275*9 

112 

31*70 

7*87 


251*3 


Table III d. Estimated composition of fatty acids. 


(i) Details of methyl ester fractions. 




Esters of saturated acids 


Esters of unsaturated acids 

.A__ 


Unsapon 

fiable 

matter 

No. 

g* 

Qu 

Qu 

Pu 

r 

C 14 

Qu 

^18 

C,0 


811 

17*62 

8*15 

Esters of “solid” acids S. 

Refractionation of primary fraction 8 
7*44 — — 2*03 

1. 




8 12 

8*13 

0*86 

5*79 

— 

— 

1*48 

_ 

_ 


_ 

$n 

7*36 

■— 

3*25 

0*48 

—- 


3 63 

— 

— 

_ 


33*11 Wts. 

9*01 

16*48 

0*48 

— 

3*51 

3*03 

_ 

— 

__ 


% as esters 

27? 

49*8 

1-4 

— 

10-6 

11*0 

— 

— 

— 

81 

37*71 

10*26 

18*77 

Primary fractions. 
0*55 — 

4*00 

4*13 




82 

15*73 

— 

5*46 

1*60 

— 

— 

7*87 

0*80 

_ 


8 3 

5*47 

— 

— 

■— 

— 

— 

2*62 

2*85 

_ 


£4 

11*40 

— 

— 

— 

— 


— 

7*78 

3*62 

_ 


70*31 Wts. 

10*26 

24*23 

2*15 

— 

4*00 

14*62 

11*43 

3*02 



% as esters 

14*5 

34*6 

3*0 

— 

5*7 

20*8 

16*2 

5*2 



% as acids 

14*4 

34*5 

3*0 


5*7 

20*9 

10-3 

5*2 

— 
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Table III d ( continued ). 





Esters of saturated acids 


Esters of unsaturated acids 


Unsaponi¬ 












fiable 

No. 

g- 


C„ 

Pm 

^18 

C„ 

C w 

Pm 

0» 

CU' 

matter 





Esters of * 

‘ liquid ” i 

acids L. 








Refractionation of primary fractions £ 1, £ 2, £ 3. 




£11 

4*98 


1*92 

_ 

— 

0-70 

2*36 

_ 

_ 

_ 

_ 

£12 

35-87 


5-73 

3-18 

— 

— 

20-96 

— 

— 

— 

— 

£13 

10-22 


— 

— 

— 

— 

3-37 

6*85 


— 

— 


51-07 

Wts. 

7-65 

3-18 

— 

0-70 

32-09 

0-85 

_ 

— 

_ 


% as esters i 

15-0 

0-2 

— 

1-4 

64-0 

13-4 

— 

— 

— 

£21 

7-25 


— 

— 

_ 

_ 

5-78 

1-47 

_ 

_ 

_ 

£22 

40-46 


— 

— 

— 

— 

13*14 

30-32 

— 

— 

— 

£23 

6-88 


— 


— 

— 

— 

2-77 

4*11 

__ 

— 


63-59 

Wts. 

— 

__ 

— 

— 

18*92 

40-56 

411 

— 

— 


% 

as esters 

— 

.... 

— 

— 

29-8 

63-8 

6-4 


— 

£31 

6-48 


— 

_ 

— 


4-65 

1 83 

_ 

_ 

_ 

£32 

65-87 


— 

— 

— 

— 

16 46 

39-41 

_ 

— 

_ 

£33 

9-42 


— 

— 

— 

— 

— 

4-51 

4-91 

— 

— 


71-77 

Wts. 

— 

— 

— 

— 

21 11 

45-75 

4 91 

_ 

_ 


0/ 

JO 

as esters 

— 

— 

— 

— 

29-4 

63-8 

6-8 

— 

— 






Primary fractions. 





£1 

55-81 


8-30 

3 47 

— 

0-76 

35-73 

7*49 

— 

_ 

_ 

£2 

67-90 


— 

— 

— 

— 

20-20 

43-30 

4-40 

_ 

_ 

£3 

76-36 




— 

— 

— 

22-46 

48-67 

5-23 

_ 

£4 

14-33 


— 

— 

— 

— 

— 

— 

3-46 

10-87 

_ 

£5 

19-96 


— 

— 

— 

— 

— 

—- 

8-52 

9-04 

2-40 


234-36 

Wte. 

8-36 

3-47 

— 

0-76 

55-93 

73-25 

65-05 

25*14 

2-40 


% 

as esters 

3-6 

1-4 

— 

0-3 

23-9 

31 3 

27-8 

10-7 

1-0 


% 

as acids 

3-5 

1-4 

— 

0-3 

23 8 

31-3 

27-8 

10-8 

1-1 





(ii) Composition of original acids. 








"Solid” 


“Liquid” 



Fatty acids 






acids 8 


acids £ 



(mean unsat- 




Acids 

Saturated: 


(2H%; 

1 

(78-9%) 

Total 

O'' 

/o 

O' 

JO 

uration) 




Myristie 


3-0 


2-8 

5-8 


6 





Palmitic 


7-3 


1-1 

8-4 


8-5 





Stearic 


0-6 


— 

0-6 


0-5 





Unsaturated: 











Pu g rou P 

— 


0-2 

0-2 

Trace 





Cw n 


1-2 


18-8 

20-0 


20 ( 

-2-3H) 




c u .. 


4-4 


24-7 

29-1 


29 ( 

-2-8 H) 




c* .. 


3-5 


21-9 

25-4 


26 ( 

-6-0 H) 




<u „ 


1-1 


8-5 

9-6 


10 ( 

-0-9 H) 




Unsaponifiable 

— 


0-9 

0-9 


— 




The iodine values of the higher-boiling unsaturated ester fractions fell off 
somewhat on each distillation, and the average unsaturation of the acids of 
the C*. and Cgg groups is therefore actually higher than the values suggested 
in the final column. The unsaturated Pu acids, however, consisted of about 
60 % oleic and 40 % linoleic acids, whilst the corresponding C 16 group con¬ 
tained a little hexadecadienoic acid but was mainly composed of palmitoleic 
acid. A certain amount of gadoleic (monoethylenic C^) acid was present, but, 
apparently, little cetoleic acid (C^H^Og). 
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Scottish cod-liver oil. 


Table IV a. Lead salt separation. 

g. % Sap. eq. I.V. 

“Solid” acids S 200-2 40 : 5 309-5 (E) 110-3 (E) 

“Liquid” acids L 138-6 32-2 297-4 (A) 229 7(A) 

“Liquid” acids LR 91-3 21-3 — 203-8 (E) 

(A), analyses on acids; (E), analyses on corresponding methyl esters. 


Table IV b. Fractionation of methyl esters. 


Primary fractions Refractionations 


No. 

g* 

b.p./I mm. 

Sap. eq. 

l.V. 

No. 

r' " 

g* 

B.r./l mm. 

Sap. eq. 

-> 

I.V. 




(i) Esters of “solid” acids S. 









r.sMi 

7*69 

120-134° 

253*0 

19*8 

SI 

75*28 

125-135° 

270*7 

40-1 j 

! 8 12 

1 S 13 

17*93 

36*32 

134-138 

138-152 

259*8 

271*7 

21*5 

36*8 






[su 

7 56 

Residue 

299*3 

104*0 






fS 21 

13*92 

145-163 

285*3 

66*2 

S 2 

49*70 

135-155 

297*1 

102*3 ^ 

[S 22 

21*25 

163-165 

296*6 

94*5 






[S 23 

8*85 

Residue 

317*8 

158*8 





I 

fiS 31 

8*75 

165-183 

318*4 

158*9 

8 3 

57*28 

155-180 

329*9 

189*0 i 

8 32 

S 33 

18*40 

15*19 

183 

183-195 

325*9 

338*3 

181*5 

203*9 





1 

18 34 

9*69 

Residue 

340*4 

206*3 

8 4 

15*11 

Residue 

348*7 

204*5 







Further refractionation of S 22 


S 221 

3*71 

160-163 

289*4 

76*9 






S 222 

5*45 

163-164 

291 8 

83*1 






S 223 

7*42 

Residue 

.302*1 

110*5 


(ii) Esters of “ liquid ” acids L. 








r L 11 

2*55 

110-134° 

251*9 

66*6 

LI 

26*06 

108-140° 

272*4 

1.03*4 

J 

\L 12 

7*30 

134-140 

266*1 

82*6 






| 

I L 13 

2*67 

140 

272*9 

97 2 






1 

[lu 

6*10 

Residue 

278*2 

119*9 






| 

CL 21 

5*19 

140-149 

280*0 

122*7 

L 2 

31-23 

140-155 

296*1 

166*3 

J 

1 L 22 

12*86 

149 

284*3 

138*8 







| L 23 

3*53 

149-161 

298*3 

183*5 







[L2 4 

5*47 

Residue 

310*1 

238*1 






1 

CL 31 

6*36 

135-163 

304*3 

208*4 

L 3 

25*31 

155-178 

— 

247*7 


\L 32 

10*0.1 

163-164 

316*1 

257*8 






1 

, L 33 

4*65 

Residue 

329*0 

269*9 






1 

r Li\ 

6*12 

160-187 

321*0 

275*4 

L 4 

2P63 

178-188 

— 

— 

< 

L 42 

7*19 

187 

324*0 

276*9 






1 

L 43 

4*54 

Residue 

337*0 

272*3 

L 5 

9*23 

Residue 

446*5* 

159*2 








* Saponification equivalent of residual esters, freed from unsaponifiable material, L 5: 325*8. 
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Table IV b ( continued ). 


(iii) Esters of “liquid” acids LR. 

Primary fractions Refractionations 


No. 

g- 

B.r./l mra. 

Sap. eq. 

I.V. 

No. 

g- 

b.p./I mm. 

Sap. eq. 

I.V. 






(LRU 

5-30 

116-134° 

255-8 

66-6 

LR 1 

14-07 

110-146° 

— 

96-7 

LR 12 

3-32 

134-144 

271-0 

93-9 






(LR 13 

4-82 

Residue 

288-7 

132-2 






( LR 21 

5-70 

135-148 

273-4 

110-3 

LR 2 

21-43 

146-155 

278-2 

140-2 

; LR 22 

(M3 

148-154 

287-1 

127-6 






[ LR 23 

5-49 

Residue 

301-5 

186-7 






f LR 31 

5-91 

148-161 

295-7 

155-3 

LR 3 

16*34 

155-170 

— 

202-4 -1 

; LR 32 

3-67 

161-170 

308-5 

202-8 






[ LR 33 

5*29 

Residue 

321-2 

246-9 





| 

(LR 41 

3-60 

140-162 

309-9 

226-3 

LR 4 

24-92 

170-178 

309-9 

269-8 < 

LR 42 

8-22 

162-164 

317-5 

258-4 





1 

[LR 43 

8-70 

Residue 

332-8 

275-6 

LR 5 

10-30 

Residue 

351-7* 

262-5 







* Saponification equivalent of residual esters, freed from unsaponifiable material, LRo: 328-4. 


Table IV c. Estimated composition of fatty acids. 


Acids 

“Solid” 
acids S 
(46-5 %) 

“Liquid” 
acids L 
(32-2 %) 

“Liquid” 
acids LR 
(21-3 %) 

Total % 

Fatty acids 
(mean unsat. 
% uration) 

Saturated: 

Myristic 

2-5 

0-5 

0-5 

3-5 

3-5 


Palmitic 

9-9 

0-3 

Trace 

10 2 

10 


Unsaturated: 

C, 4 group 

— 

0-3 

0-2 

0-5 

0-5 

(-2 0 H) 

c„ „ 

4-5 

7-6 

3-2 

15-3 

15-5 

0 ,* 

10 2 

7-7 

6-6 

24-5 

25 

(-2-9 H) 

<’* .. 

10*6 

12-2 

8-3 

31-1 

31-5 



8-8 

2-8 

2-3 

13 9 

14 

(-64H) 

Unsaporufiable 

— 

0-8 

0-2 

1-0 

— 



The composition is not very different from that of the Newfoundland oil, 
although distinctly more of the unsaturated C 20 and C 22 acids are present, at 
the expense of unsaturated C 16 and 0 I8 acids. Palmitolcic acid is practically 
the only unsaturated C 16 acid present, the C 18 group consists of oleic and linoleic 
acids in nearly equal proportions, and, as in the previous analysis, the actual 
mean unsaturation of the and C 22 groups is higher than the figures indicate; 
gadoleic and cetoleic acids are both present, probably in definitely higher 
proportions than in the Newfoundland oil. 

Norwegian cod-liver oil. 

Table V a. Lead salt separation. 

g. % Sap. eq. I.V. 

“Solid” acids 5 168-8 29-6 278-5 95-7 

“Liquid” acids L 401-8 70-4 298-5 170-2 
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Table V b. Fractionation of methyl esters. 


Primary fractions Refractionations 

_A_ _ A_ 


No. 

g- 

B.p./l mm. Sap. eq 

. I.V. 

No. 

g- 

B.p./l mm. 

Sap. eq. 

I.V. 



(i) 

Esters of “solid ” acids S, 








mi 

11-30 

50-124° 

249-1 

23-9 

81 

44-59 

70-135° 262-2 

32-1 ■< 

| 8 12 

10-53 

124-128 

262-0 

20-6 

I S 13 

8-38 

128-135 

268-3 

30-4 





14 

8-03 

Residue 

277-0 

48-5 





CS 21 

4-54 

60-132 

272-9 

45-2 

8 2 

25-03 

135-155 287-3 

65-8 <j 

1 .8 22 

7-04 

132-135 

283-1 

56-9 





[8 23 

9-02 

Residue 

295-9 

79-2 





fS 31 

13-69 

85-152 

302-1 

88-4 

8 3 

35-96 

155-168 312-1 

95-4 -1 

S 32 

8-17 

152-168 

312-6 

93-0 





[8 33 

8-36 

Residue 

323-7 

103-6 

8 4 

10-46 

168-169 326-0 

110-1 






85 

21-50 

Residue 326-5 

148-9 








(ii) Esters of “liquid” 

acids L, 







j 

f X 11 

13-89 

70-133° 

252-1 

53 3 

LI 

49-56 

100-135° 269-8 

74-5 { 

L 12 

12-70 

135-141 

202-7 

73*9 




) 

LI 13 

13-60 

Residue 

271-5 

95-3 





fI21 

% 21-33 

100-141 

271-6 

92*2 

L2 

47-25 

135-150 289-0 

111-2 

L 22 

23-82 

141-151 

280-5 

105-3 





[123 

23-33 

Residue 

295-3 

135-4 




i 

131 

15-90 

108-145 

288-0 

121-6 

13 

51-51 

150-160 304-4 

142-0 i 

'132 

13-67 

145-155 

294-9 

131-6 




i 

[I 33 

16-73 

Residue 

301-1 

161-2 




1 

ri4i 

22-69 

110-150 

301-2 

149-8 

L 4 

68-62 

160-175 322-1 

175-3 i 

L 42 

24-48 

150-160 

314-0 

168-0 




1 

[l 43 

15-41 

Residue 

323-1 

1956 




I 

n 5i 

8-75 

110-180 

308-7 

178-0 

L 5 

76-85 

175-190 336-5 

220-8 J 

1 L 52 
L 53 

34-22 

1916 

180-160 

190 

327-5 

3403 

201-4 

219-9 




I 

[154 

9-20 

Residue 

349-9 

235-5 

L 6 

26-97 

Residue 375-6* 

195-1 







* Saponification equivalent of residual esters, freed from unsaponifiable material, L 5: 336-5, 


Table Y c, Determination of saturated components of ester fractions by oxidation. 



Weight taken 

Saturated esters present 

No. 

* g- 

g- 

Sap. eq. 

Ill 

8 10 

3-71 

242-0 

121 

12-80 

2-50 

273-1 

122 

18-93 

1-94 

274-2 

Table 

V d, Estimated 

composition of fatty acids. 


Acids 

“Solid” 
acids 8 
(29-6 %) 

“Liquid” 
acids I 
(70-4%) 

Total % 

Fatty acids 

(mean unsat- 
% uration) 

Saturated; 

Myristic 

2-7 

2-1 

4-8 

5 


Palmitic 

5-1 

1-3 

6-4 

6-5 


Stearic 

— 

0-2 

0-2 

Trace 


Unsaturated; 

C 14 group 

3-1 

0-4 

0-4 

0-5 


” 

13*1 

10-2 

16 

(-2-0 H) 


7-4 

23 2 

30-6 

31 

(-2-8 H) 
(-5-1 H) 

4° „ 

10*5 

19-7 

30-2 

30-5 

Q n » 

0-8 

9-7 

10-5 

10*5 

(?) 

Unsaponifiable 

— 

0-6 

0*0 
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The composition is similar to that of the other cod-liver oils studied, 
although the content of saturated acids is somewhat less. Palmitoleic acid is 
again practically the only unsaturated C 16 acid present, the proportion of 
oleic to linoleic acid is much the same as in the Newfoundland oil examined; 
in the C 20 and C 22 groups of unsaturated acids, gadoleic acid occurs in some 
quantity, but the presence of cetoleic acid is doubtful, and polymerisation 
during heating prevented any reliable estimate being given for the average 
unsaturation of these groups of fatty acids. 


COALFJSH (SAITH)-LIVER OIL I. 


Table VI a. Lead salt separation. 

g. % Sap. eq. I.V. 

“Solid” acids 8 154-5 33-3 268*7 68*6 

“Liquid” acids L 309-5 66-7 291*8 200-9 


Table VT 6. Fractionation of methyl esters. 

Primary fractions Refractionations 


No. 

g* 

u.r./l mm. 

Sap. eq 

I.V. 


No. 

g- 

B.P./1 mm. 

Sap. eq. 

I.V. 




(i) 

Esters of 

“ solid” acids S. 










CSU 

3-27 

105-123° 

245-7 

7-3 

m 

51-37 

120-130° 

259-0 

14-1 


\S12 
) 8 13 

14-64 

22-27 

123-125 

125-127 

25 H 
264-0 

7-1 

12-1 







[8 14 

*6-02 

Residue 

274-3 

36-9 

8 2 

32-38 

130-140 

275-0 

27-7 


fS 21 
\8 22 

14-57 

13-32 

130-131 

Residue 

265-9 

275-7 

16-0 

38-4 







fS 31 

8 32 

7-19 

130-145 

281-8 

50-9 

N3 

20-09 

140-160 

295-4 

75-0 


10-46 

145-147 

287-9 

66-8 







( 8 33 

7-97 

Residue 

302-8 

105-7 

84 






f 8 41 

4-06 

155-175 

320-0 

122-8 

22-32 

160-183 

329-8 

151-3 


I 8 42 

4-40 

175-177 

320-2 

141-3 







l 8 43 

9-16 

Residue 

330-2 

162-2 

8 5 

9-83 

Residue 

342-2* 

188-4 










(ii) Esters of ‘ 

‘liquid ?? acids L. 




11 





■ 

fill 

L 12 

8-11 

120-130° 

255-1 

58-8 

60-39 

130-150° 

271-1 

102-3 

«j 

36-85 

130-132 

269-7 

90-3 







[L 13 

7-58 

Residue 

290-5 

141-2 







\ L 21 

14-21 

135-141 

270*4 

107-3 

L2 

89-58 

150-160 

292-7 

148-5 

\ 

! L 22 

L 23 

31-55 

25-00 

141-145 

145-146 

289-6 

296-2 

123-8 

139-1 






1 

\ L 24 

11-03 

Residue 

312-5 

198-5 






| 

L 31 

3-34 

121-150 

291-7 

146*5 

L 3 

77-33 

160-174 

314*7 

215-0 


L 32 

L 33 

34*55 

18-57 

150- 151 

151- 162 

298-9 

315-8 

173-6 

200-9 






! 


15-09 

Residue 

327-9 

229-8 






i 

L 41 

3 91 

150-173 

313-4 

222-8 

L 4 

54-64 

174-197 

335*9 

230-8 


L 42 

L 43 

24-56 

11-26 

173 174 
174-178 

3301 

335-2 

249-0 

256-4 

15 





l 

L 44 

9-10 

Residue 

342-7 

261-3 

25-70 

Residue 

387-1* 

217-2 







* Saponification equivalents of residual esters, freed from unsaponifiable material, 8 5: 329-9, L 5: 337-1. 
Biochem. 1930 xxiv 18 



278 K. D. GUHA, T. R HILDITCH AND J. A. LOVERN 


Table VI c. Determination of saturated components of ester fractions by oxidation . 





Saturated esters present 


Weight taken 


r- 


No. 

g- 


g- 

Sap. eq. 

S 12 

10*66 


8*37 

250*6 

8 21 

10*71 


9*00 

266-0 

32 

6*72 


2*91 

283-6 

£11 

3*86 


1*67 

242-0 

£12 

32*49 


6*77 

255-8 

£23 

18*96 


nil 

— 

Table VI d. Estimated composition of fatty < 

acids. 


“Solid” 

“Liquid” 




acids 8 

acids L 



Acids 

(33*3 %) 

(60*7 %) 

Total % 

Fatty acids % 

Saturated: 





Myristic 

4*6 

1*9 

6*5 

6*5 

Palmitic 

12-0 

0*9 

12*9 

13 

Stearic 

0*6 

— 

0*6 

0*5 

Unsaturated: 





Cw group 

3*1 

11*3 

14*4 

145 

0| 8 „ 

5*2 

25*1 

30*3 

31 

C a „ „ 

6*3 

18*1 

* 24*4 

24*5 

C 22 .. 

1*4 

8*7 

10*1 

10 

Unsaponifiable 

0*1 

07 

0*8 

— 

The highly unsaturated esters from this oil were extremely susceptible to 
polymerisation, and the iodine values fell continuously at every operation in- 

volving heat; the cause of this behaviour is uncertain, but 

in consequence it is 


not possible to give estimates for the average unsaturation of the various 


groups. The C 18 acids appear to be made up of approximately equal propor¬ 
tions of oleic and linoleic acids, whilst palmitoleic acid forms the greater part, 
of the C 1G group. On the whole the fatty acids are very similar in type and 
proportion to those of the cod-liver oils (especially, perhaps, the Newfoundland 
oil). 


CoALFISH (SaITH)-LIVER OIL II. 


Table VII a. Lead salt separation. 


“Solid” acids 8 
“ Liquid ” acids £ 



0 / 

/o 

I.V. (of 
corresponding 

g* 

methyl esters) 

92-0 

31-5 

57 *5 

200*0 

68*5 

203*1 


Table VII b. Fractionation of methyl esters. 

(i) Esters of “solid” acids S. 

Primary fractions 


No. 

g- 

B.p./l mm. 

Sap. eq. 

l.V.' 

8 1 

57-31 

100-133° 

268-7 

24-42 

8 2 

14-92 

133-155 

311*0 

101*6 

8 3 

6*18 

155-165 

333-3 

140*5 

8 4. 

8-00 

Residue 

339*7 

146*3 
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Table VII b ( continued ). 

(ii) Esters of “liquid’' acids L. 

Primary fractions Refractionations 


No. 

g- 

B.r./l ram. 

Sap. eq. 

I.V. 

No. 

g* 

B.r./l mm. 

Sap. eq. 

I.V. 





| 

rx ii 

11-27 

100-123° 

262-3 

77-J 

LI 

56*51 

120-143° 

282 1 

116*6 1 

L 12 

31-22 

123-130 

282-4 

115-5 





1 

[L 13 

8-74 

Residue 

291-8 

177-1 






[L 21 

7-07 

120-145 

290-5 

340-6 

L 2 

73*31 

143-163 

309*4 

1964 

L 22 

47-84 

145-157 

301-6 

184-9 





1 

[l 23 

13-45 

Residue 

326*8 

271*8 






(L 31 

4-72 

345-370 

3225 

260-1 

l:\ 

51-23 

163-180 

336-7 

277-4 J 

L 32 

31-11 

370-175 

334-0 

280-0 






L 33 

11-03 

Residue 

340-9 

288*5 

L 4 

34-62 

Residue 

372-1* 

234-3 







* Saponification equivalent of residual esters, freed from unsaponifiable material, L 4: 327*6. 


Table VII c. Determination of saturated components of ester fractions by oxidation . 


No. 

Weight taken 
g- 

Saturated esters present 

f " ' ' . 

g. Sap. eq. 


SI 

38-45 

14-03 260*4 


S 2 

J1-52 

3*50 288*3 


Table 

(I.V. still 13 7 

VII d. Estimated composition of fatty acids. 

) 


“Solid” 

“Liquid” Fat tv acids 


acids S 

acids L 

mean unsat 

Acids 

(315%) 

(68*5%) Total % % 

uration) 

Saturated: 

Myristic 

5*0 

0*8 5*8 6 


Palmitic 

12*0 

— 12-0 12 


Stearic 

02 

— 0*2 Trace 


Unsaturated: 

C|* group 

— 

0-1 <3-1 Trace 


t'lfi » 

— 

9-2 9*2 9-5 

(-2-0 H) 

^18 »* 

4 5 

24-8 29*3 29*5 

(-3-2 H) 


7-0 

19-5 2(3*5 26*5 

(-«i‘5 H) 


2*8 

13-5 16-3 16-5 

(-7-3 H) 

Unsaponifiable 

— 

0-6 0*6 — 



In contrast to the experience in the previous analysis (saith oil I), little or 
no tendency to polymerisation was found when the methyl esters of the 
highly unsaturated and ^22 acids were distilled; the cause of this difference 
in behaviour is not clear. The total composition of the fatty acids differs but 
little from that observed in the first-named case, except that there is less 
palmitoleic acid present than usual, and correspondingly more of the acids of 
the C 22 group—a feature which is in keeping with the saponification equivalents 
of the respective oils. 

Hake-liver oil I. 

Table VIII a. Lead salt separation . 

I.V. (of corre¬ 
sponding methyl 

g. % esters) 

“Solid” acids S 80 0 30 0 46 3 

“Liquid" acids L 117-0 70-0 182 0 

18—2 
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Table VIII b. Fractionation of methyl esters. 
(i) Esters of “solid” acids S. 

Primary fractions 


No. 

g. 

b.p./I mm. 

Sap. eq. 

I.V. 

£1 

17-82 

110-130° 

260-1 

8-5 

8 2 

14*35 

130-145 

277*1 

23-1 

S 3 

9*56 

145-168 

316-7 

84-0 

8 4 

8*91 

Residue 

337-3 

118-4 





(ii) Esters of ‘‘liquid” 

acids 






Primary fractions 




Refractionations 

_A 


No. 

( 

g* 

b.p./I mm. 

Sap. eq. 

LV? 

No. 

g* 

b.p./I mm. 

Sap. eq. 

I.V. 


117-137° 

267-7 

89-0 

CL 11 

6-94 

100-120° 

254-6 

57-2 

LI 

19-31 

U 

8-23 

Residue 

270-5 

116*1 






(L 21 
<L 22 

7-77 

110-134 

273-9 

112-3 

L 2 

39-66 

137-155 

290-9 

150-4 

19*14 

134-139 

286-6 

141-5 




l A 23 

8-71 

Residue 

312-5 

2030 






f 1 31 

4-13 

120-163 

305-0 

185-5 

L3 

40*84 

155-175 

318-4 

224-2 

i L 32 

21*89 

163-167 

316-3 

2150 





1^33 

10*31 

Residue 

334-6 

231-7 

L 4 

14-79 

Residue 

372 1* 

235-4 






* Saponification equivalent of residual esters, freed from unsaponifiable material, L 4: 336-8. 


Table VIII c. Determination of saturated components of ester fractions by oxidation. 



Weight taken 

Saturated esters present 

A 

No. 

g* 

g* 

Sap. eq. 

81 

14-35 

12-79 

257-3 

8 2 

10-88 

7-88 

268-3 

8 3 

6-31 

1-60 

268-3 

Table VIII d. Estimated composition of fatty adds. 

Acids 

“Solid” “Liquid” 

acids S acids L 

(30-0%) (70-0%) 

Total % 

Fatty acids 
(mean unsat 
% uration) 

Saturated: 

Myristic 

4-3 2-2 

6-5 

7 

Palmitic 

12-7 — 

12-7 

13 

Unsaturated: 

0 U group 

— 0-3 

0-3 

Trace 


1-0 16-2 

17-2 

17 (-2-0H) 

^18 *> 

1-7 16*3 

18-0 

18 (-3-5H) 

C M „ 

5-4 24-9 

30-3 

31 (-4-9H) 

Caj „ 

4-9 9-2 

14-1 

14 (?) 

Unsaponifiable 

— 0-9 

0-9 



Hake-liver oil II. 

Table IX a. Lead salt, separation. 

Sap. eq. I.y. 

g- % (of corresponding methyl esters) 

“Solid” acids 8 65-0 38-9 292*1 70-6 

“Liquid” acids L 102-0 61-1 308-9 167*5 
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Table IX b. Fractionation of methyl esters. 
(i) Esters of “solid” acids S. 

Primary fractions 




No. 

g- 

b.p./I mm. 

Sap. eq. 

l.V. 





,91 

9-88 

100-130° 


259-1 

12-6 





8 2 

10*93 

130-140 


270-1 

22-2 





8 3 

10-60 

140-150 


284*4 

45-6 





8 4 

9-39 

150-165 


311-8 

96 1 





8 5 

8-57 

165-170 


334-0 

122-9 





8 6 

7-76 

Residue 


334-1 

111-3 






(ii) Esters of “liquid” 

acids L. 






Primary 

fractions 




Refractionations 


No. 

g* 

b.p./I mm. 

Sap. eq. 

l.V. 

No. 

g- 

b.p./I mm. 

Sap. eq. 

l.V. 





88-8 -1 

r L\\ 

5-70 

110-125° 

262-7 

60-5 

LI 

18-94 

114-142° 

274*8 

! L 12 

3-29 

125-130 

265-3 

83-1 






! L 13 

5-28 

Residue 

285-5 

124-9 






f£ 21 

6*06 

120-135 

281-8 

119-9 

L 2 

20-51 

142-155 

290-7 

143*2 i 

L 22 

4 81 

135-144 

290-3 

142-5 





I 

L£23 

5 18 

Residue 

294*8 

168*6 





I 

^£31 

5-94 

130-152 

303-2 

164-9 

£3 

22*19 

155-165 

305-2 

184-5 1 

£32 

6*05 

152-157 

315-2 

182-2 





1 

i 

i £33 

5-87 

Residue 

324-8 

202-0 

L 4 

15*50 

165-175 

333-2 

208-5 






l r> 

15*00 

Residue 

396*8* 

201-7 







* Saponification equivalent of residual esters, freed from unsaponifiable material. 

£ 5: 334*8. 



Table IX c. Determination of saturated components of ester f ractions by oxidation. 

Saturated esters present 

Weight taken ,-- > 

No. g. g. Sap. eq. 

8 2 7-2i 5-53 262-8 

8 3 6-90 3-32 273-6 


Table IX d. Estimated composition of fatty acids. 



“Solid” 

‘Liq uid” 


Fatty acids 


acids 8 

acids £ 



(mean unsat- 

Acids 

Saturated: 

(38-9%) 

(61-1 %) 

Total % 

O ' 

/O 

uration) 

Myristic 

3-6 

1-0 

4-6 

4-5 


Palmitic 

10-8 

12 

12*0 

12 


Stearic 

Unsaturated: 

0-7 

— 

0-7 

0-5 


C 16 group 

0-9 

10-6 

11*5 

12 

(-2-0H) 

n 

v '18 »> 

8-1 

18*3 

26-4 

27 

(-3-0H) 

V)M) ft 

9-7 

19-6 

29-3 

30 

(-4-1H) 

»» 

5-1 

8-8 

13 9 

14 

(-54 H) 

Unsaponifiable 

— 

1*6 

1-6 

— 



Hake-liver 

OIL III. 




Table X a. 

Lead salt separation. 







l.V. (of corre¬ 
sponding methyl 


g- 


0/ 

/o 

Sap. eq. 

esters) 

“Solid” acids 8 

53-0 


28-8 

287-2 

42*5 

“Liquid” acids L 

131-4 


71-2 

310-5 

146-5 
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Table X b. Fractionation of methyl esters . 
(i) Esters of “solid” acids S. 

Primary fractions 




No. 

g- 

b.p./I mm. 

Sap. eq. 

I.V. 





SI 

5*82 

100-130° 

255-5 

9-7 





S 2 

8-57 

.130-133 

264-2 

11-6 





S 3 

11-82 

133-155 

278-5 

221 





S 4 

12-75 

155-175 

310-9 

66-4 





S 5 

4-95 

Residue 

338-5 

88-3 






(ii) Esters of “liquid” 

acids L. 






Primary fractions 



Refractionations 


No. 

' g. 

b.p./I mm. 

Sap. eq. 

I.V. No. 

g 

b.p./I mm. 

Sap. eq. 

I.V. 





CL 11 

6-18 

80-115° 

255-0 

45-9 

Li 

23*36 

100-150° 

2730 

8(i>-S < L 12 

5-88 

115-121 

267-0 

77-9 





[7.13 

7-42 

Residue 

292-7 

126-7 

L 2 

17-54 

150-160 

291-0 

128-0 









CL 31 

11-29 

110-150 

297-5 

142-6 

L 3 

37-24 

160-170 

312-7 

159-3 \ L 32 

12-04 

150-160 

303-8 

158-2 





[l 33 

v 9-49 

Residue 

332-7 

168-1 





lftF , ry,4i 

6-61 

140-156 

322-9 

172-1 

L 4 

20-15 

170-180 

335-2 

1954 \A42 

9-15 

Residue 

340-0 

184-1 

L 5 

16-30 

Residue 

385-0* 

169-1 






* Saponification equivalent of residual esters, freed from unsaporiifiable material, L 5: 341*0. 


Table X c. Determination of saturated components of ester fractions by oxidation. 

Saturated esters present 



Weight taken 

f - 

N 

No. 

g* 

g- 

Sap. eq. 

82 

4-04 

3-10 

262-1 

8 3 

6-02 

4-01 

272-4 

L 2 

13-14 

1-20 

262-2 


Table X d. Estimated composition of fatty acids. 



“Solid” 
acids S 

“Liquid” 
acids L 



Acids 

(28-8 %) 

(71-2%) 

Total 

Fatty acids % 

Saturated: 





Myristic 

Palmitic 

2-9 

9-4 

2-6 

1-6 

5-5 

11-0 

5-5 

11 

Stearic 

0-5 

— 

0-5 

0*5 

Unsaturated: 





C l6 group 
^18 »» 

1-7 

6-3 

6-3 

27-1 

8-0 

33-4 

8 

34 

Cjjo »> 

6-0 

18-4 

24-4 

25 

c* „ 

2-0 

14-0 

16-0 

16 

Unsaponifiable 

— 

1-2 

1*2 

— 


The highly unsaturated esters of the C 20 and C 22 groups showed considerable 
tendency to polymerise during distillation in the case of all three hake-liver 
oils, and the mean unsaturation of the corresponding fatty acids is probably 
somewhat greater than that suggested in the analysis of hake-liver oil II. The 
other acids present were similar in type to those of the cod- and saith-liver 
oils, and the proportions of all the acids were for the most part of the same 
order as those in the last-mentioned liver oils. 
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Ling-livek oil. 

Table XI a. Lead salt separation. 

I.V. (of corre¬ 
sponding methyl 

g. % esters) 

“Solid” acids S 41-5 22-5 27*3 

“Liquid” acids L 142-5 77-5 104-6 


Table XI b . Fractionation of methyl esters . 
(i) Esters of “solid” acids S. 

Primary fractions 


No. 

g- 

b.p./I mm. 

Sap. eq. 

I.V. 

81 

24-21 

107-123° 

262 1 

7-9 

8 2 

8*60 

123-142 

280-5 

32 2 

8 3 

8-61 

Residue 

317-1 

84*8 


(ii) Esters of “ liquid ” acids L. 

Primary fractions Refractionations 


No. 

g- 

B.r./l mm. 

Sap. eq. 

I.V. 

No. 

g- 

b.j\ 1 mm. 

Sap. eq. 

I.V. 






fL 11 

5*29 

100-124° 

256-1 

58*0 

11 

29-51 

113-139° 

266-2 

90*6 

< L 12 

10-27 

124-125 

268-1 

82*5 






i L13 

10*50 

Residue 

288-5 

118*9 






{L2\ 

5*62 

126-139 

278*3 

106*2 

12 

47-70 

139-153 

291-5 

131-3 

<L22 

31*05 

139-140 

292*5 

124-8 






[L 23 

6*48 

Residue 

312-0 

196-4 






f L 31 

5*05 

140-155 

2990 

154*8 

L 3 

44-72 

153-175 

315-4 

210-7 

- L 32 

22*12 

155-160 

315-9 

198*2 






[L 33 

14-22 

Residue 

335-7 

249-8 

L 4 

5-83 

175-182 

337-0 

254*6 





L 5 

11-64 

Residue 

403-4* 








* Saponification equivalent of residual esters, freed from unsaponifiable material, L 5: 335-3. 


Table XI c. Determination of saturated components of ester fractions by oxidation. 

Saturated esters present 


No. 

Weight taken 
g- 

g- 

Sap. eq. 

81 

19*73 

18*03 

260*9 

82 

5-05 

3-46 

271*9 

8 3 

3 01 

0*70 

283*2 


Table XI d . Estimated composition of fatty acids. 


“ Solid ” “ Liquid ” Fatty acids 

acids S acids L (mean unsat- 


Acids 

(22*5%) 

(77*5%) 

Total % 

O' 

/O 

uration) 

Saturated: 






Myristic 

3*6 

1*2 

4*8 

5 


Palmitic 

11*9 

0-9 

12-8 

13 


Stearic 

0-8 

— 

0-8 

1 


Unsaturated; 






C i 4 group 

— 

0*2 

0*2 

Trace 

(-2-0 H) 

Cm »» 

0*8 

11*8 

12*6 

13 

C'lB if 

1*5 

30*9 

32*4 

32*5 

(-2-8 H) 

CL „ 

3*1 

20-6 

23*7 

24 

( - 5-7 H) 

c* » 

0-8 

10*8 

11-6 

11*5 

(- 7'0 H) 

Unsaponifiable 

— 

1-1 

H 

— 
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The ling-liver fatty acids, like those from hake, hear a general similarity 
to those of cod-liver oil. Palmitoleic is substantially the only unsaturated C 16 
acid present, whilst the ^18 acids are a mixture of about 60 % oleic and 40 % 
linoleic acid; little polymerisation, as evidenced by falling iodine values, took 
place during distillation of the ling unsaturated esters and the figures given 
for the average unsaturation of the C 20 and ^22 groups are probably fairly 
accurate in this instance. Some monoethylenic C 20 acid was present, but only 
very small quantities of the corresponding C 22 acid. 


Skate-liver oil. 


Table XII a. Lead salt separation. 





l.V. (of corre¬ 
sponding methyl 


g- 

0/ 

/o 

esters) 

“Solid” acids S 

38-5 

21-9 

20-9 

“Liquid” acids L 

137-0 

78-1 

249-4 


No. 
L 1 


L 2 


L 3 
L 4 


Table XII b. Fractionation of methyl esters. 
(i) Esters of “solid” acid^s S. 

Primary fractions 


No. 

g* 

B.p./l mm. 

Sap. eq. 

l.V. 

SI 

30-47 

110-133° 

268-1 

7-5 

S 2 

6-55 

Residue 

321-2 

80-6 


(Fraction S 1 (25*72 g.) gave 24*79 g. of saturated esters (sap. eq. 263-8) on oxidation.) 


(ii) Esters of “liquid” acids L. 

Primary fractions 


Refractionations 


g* 

B.p./l mm. 

Sap. eq. 

l.V. 

46-98 

130-160° 

283-9 

not done 

46-30 

160-190 

329-0 


31-1) 

190-196 

333-4 

„ 

10-60 

Residue 

347-8* 



* Saponification equivalent of residual esters, 


No. 

g- 

B.p./l mm. 

Sap. eq. 

cm 

4*71 

103-124° 

265-5 

j L 12 

24-11 

124-134 

280-5 

1 2,13 

8-68 

134-136 

303-3 

[L 14 

5-87 

Residue 

323-2 

CL 21 

7-65 

130-155 

296-6 

IL 22 

29-29 

155-162 

312-6 

[L 23 

643 

Residue 

336-0 

rxsi 

5*14 

145-175 

325-7 

L 32 

14 05 

175-178 

335-4 

[L 33 

7-65 

Residue 

341-7 


from unsaponifiable material, L 4: 331-6. 


Table XII c. Estimated composition of fatty acids. 


Aoids 
Saturated: 
Myristic 
Palmitic 
Unsaturated: 
C u group 

c 1 * ” 

'•'M it 

c” ;; 

Unsaponifiable 


“Solid” 
acids S 

“Liquid” 
acids L 


Fatty 

(21-9%) 

(78-1%) 

Total % 

, \ l 
% 

3-5 

0-2 

3*7 

4 

13*8 

— 

13*8 

14 

— 

Trace 

Trace 

Traoe 

— 

10*5 

10*5 

10*5 

1-0 

19-7 

20*7 

20*6 

3-6 

29-0 

32*6 

32*5 

— 

18-4 

18-4 

18*5 

— 

0*3 

0*3 

. 


uration) 


(-2-0 H) 
(-3-3 H) 
(-7-3 H) 
(-9-5 H) 


l.V. 

830 

120-6 

186-7 

265-9 

203*0 

272-7 

308-0 

307-0 

335*4 

339-9 
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The skate-liver fatty acids stand out in the present series by reason of the 
high average unsaturation of the C 22 and C 20 groups, and equally by the absence 
of polymerisation during distillation of the corresponding esters. The oil also 
contains somewhat more of the C 22 acids than the previous cases, and cetoleic 
acid is apparently absent; gadoleic acid is present, the C 18 unsaturated acids 
are made up of about one-third oleic and two-thirds linoleic acid, and palmit- 
oleic acid is substantially the only Cm unsaturated acid present. 


Dogfish-liver oil. 


Table XIII a. Lead salt separation. 



g- 

0 / 

/o 

Sap. eq. 

I.V, 

“Solid” acids S 

110-0 

33*2 

286*2 

56*0 

“Liquid” acids L 

221-0 

06*8 

361 0 

139*0 


Table Xl’II b . Fractionation of methyl esters. 

Primary fractions Refractionations 


No. 

g- 

b.p./I mm. 

Sap. eq. 

I.V. 

No. 

g- 

B.r./l mm. 

Sap. eq. 

I.V. 




(i) 

Esters of “solid” acids S. 




SI 

13-46 

115-134° 

252-5 

11-3 

f S 21 

8-04 

115-134° 

260*7 

8-6 

S 2 

21*27 

134-144 

270*2 

161 

S 22 

4-18 

134 

262*7 

11*6 






[S2 3 

6-38 

Residue 

274*2 

26 7 

S 3 

13-65 

144-154 

284-1 

32 3 






Si 

8-88 

154-165 

299*8 

54-5 

l S 51 

5-92 

154-174 

318*7 

67 3 

S& 

26-25 

165-184 

334-1 

721 ^ 

i 

1 S 52 
| ,8 53 

7-51 

2-21 

174-175 

175 

326*4 

337*3 

71- 1 

72- 7 






[S5 4 

6-65 

Residue 

340*5 

71*1 

S 6 

3 96 

184-187 

344-2 

74-6 






SI 

9*01 

Residue 

332-3 

84-4 









(ii) Esters of “ liquid” acids L. 









fLll 

7-09 

108-130° 

256*9 

49*3 

LI 

26*15 

126-154° 

276-0 

84-1 -j 

1 L 12 
! L 13 

6-40 

3-11 

130-138 

138-140 

267-8 

279-4 

68*7 

81*7 






[L 14 

5*91 

Residue 

296-0 

101-3 






(L 21 

13-94 

120-145 

285-0 

99*7 

12 

32-60 

154-165 

300-0 

| 

122-1 J 

L 22 

1 L 23 

6-56 

2-05 

145-155 

155 

298*1 

305*0 

117*0 
123 9 






[L 24 

6*53 

Residue 

313-4 

136*6 





I 

r l 3if 

6*52 

120-155 

288-2 

121-5 

L 3 

57-22 

165-187 

351-4* 

153-0 -j 

1 L32 

1 L 33 

11-20 

9-18 

155-162 

165-175 

304-1 

315-3 

130-0 

132-6 





1 

[L 34 

10-50 

Residue 

338-3 

147*4 

L 4 




1 

[L 41f 

3-44 

80-145 

312-7 

93-0 

66-82 

Residue 

532-5* 

138-4 J 

L 42 

10-33 

145-170 

324-5 

98*2 





1 

[L 43 

16*66 

Residue 

426-0* 

141-2 


j 367*5 equivalents of these fractions, freed from unsaponifiable material, L 3: 319-4; L 4: 381-6; L 43 

. t Unsaponifiable constituents removed as far as possible by ether-extraction of hydrolysed fractions L 3 and L 4, 
[recovered fatty acids reconverted to methyl esters which were refractionated (L 31-34 and L 41-43), 
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Table XIII c. Estimated composition of fatty acids. 


Acids 

Saturated: 

Myristio 

Palmitic 

Stearic 

Arachidic 


Unsaturated 


C 16 group 
^'18 »» 



^24 


Unsaponifiable 


“Solid” 
acids S 

“Liquid” 
acids L 


Fatty acids 

(mean urisat- 

(33*2 %) 

(66*8 %) 

Total % 

O' 

/O 

u ration) 

40 

1*2 

5*2 

6 


8*2 

1*2 

9*4 

10*5 


2*5 


25 

3 


0-2 

— 

0*2 

Trace 


1*3 

6*9 

8*2 

9 

( - 2-0 H) 

3*4 

18-5 

21*9 

24*5 

(-2-3H) 

9*2 

16*5 

25*7 

29 

( -3-3 H) 

4*4 

6-7 

11*1 

12 

( -4 0 H) 

5*3 

5*3 

6 

(-2-0 H) 

_ 

10*5 

10*5 

— 



In some ways the fatty acid composition of this oil is the most interesting 
of the whole series. The oil contained much more unsaponifiable matter than 
the rest, and squalene formed a considerable proportion of the non-fatty 
matter, but the oil was not by any means so rich in this hydrocarbon as many 
shark- and ray-liver oils which have been examined by other workers. Never¬ 
theless the character of the fatty acids is different from those of the oils pre¬ 
viously dealt with in this paper, and in many ways (as appears from the 
general summary on p. 288) the acids of this dogfish-liver oil are intermediate 
in type between those of the Gadidae and of the skate-liver oil on the one hand, 
and those of Elasmobranch oils of high squalene content on the other. Palmit- 
oleic acid is less prominent than usual, the average unsaturation of the C 20 
and 0 22 acids is much lower than usual, and especially noteworthy is the 
appearance of a small amount of monoethylenio acid, 


Summary. 

Comparison of the fatty acid compositions of various fish oils. 

It may be said at once that no apparent correlation between the vitamin 
potencies of the oils studied and the composition of their fatty acids is revealed 
as a result of the foregoing analyses; the most that can be stated is that, in the 
cases examined, the highest vitamin potency was observed in liver oils from 
the family Gadidae, but this may be a more or less fortuitous observation. 

It is interesting, however, to consider the analyses which have now been 
* made, in conjunction with a few other results of a similar nature which are 
already available, when classified from a biological standpoint. This has been 
done in Table XIV: the data for the whale oils (Balaena sp.), menhaden oil 
and Japanese sardine oil are taken from a communication by Armstrong and 
Allan [1924], those for the liver oils of Scymnorhinus and allied genera were 
given by Hilditch and Houlbrooke [1928], those for the head and blubber oils 
of the sperm whale by Hilditch and Lovern [1928], and for sperm-liver oil by 
Tsujimoto and Kimura [1928]. 
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The figures in Table XIV are perhaps chiefly valuable at the moment in 
suggesting the desirability of adding as rapidly as possible to the meagre 
number of quantitative data of the kind which have so far been collected. 
Investigations of this kind are necessarily lengthy and tedious, but the results 
so far obtained indicate the possibility that they may lead to useful correla¬ 
tions as well as differentiations between the build of the fats occurring in 
different classes of marine animals or, for example, present in different parts 
of the same animal. 

Inspection of Table XTV will show that, leaving apart minor differences in 
the percentages of the fatty acids concerned, the liver oils of the Gadidae and 
the flesh oils of the two members of the herring family stand apart from the 
rest in the approximate constancy of their general composition, the range of 
which is as follows: 



O ' 

/<> 

Mean unsaturation 

Myristic acid 

3-5-7 

_ 

Palmitic acid 

6-5-13 

— 

Stearic acid 

nil-1 

— 

Myristoleic acid 

Trace-0* 5 

( - 2*0 H) 

Palmitoleic acid 

13-20 

(-2*0 to - 3*0 H) 

Oleic and linoleic acids 

18-32-5 

( -2*8 to - 4-0 H) 

* Unsaturated acids 

10-31*5 

(-4-9 to - 7*3 H) 

*Unsaturated C a acids 

10-19 

( -5*4 to - 10*0 H) 


The blubber fats of the ordinary whales approach most closely in com¬ 
position to the foregoing, but on the whole appear to contain greater amounts 
of oleic and linoleic acids, with corresponding reduction in the total propor¬ 
tions of polyethvlenic 0 20 and 0 22 acids, the total percentage of saturated acids 
being little different in either group. The interesting, but only partially 
quantitative, study by Tsujimoto and Kimura [1928] of the fatty acids of the 
liver of the sperm whale suggests that here also the composition is much the 
same as in the body fats of the Balaenidae and Clupeidae and the liver fats 
of the Gadidae, and these authors also state that the fat as obtained contains 
only 16 % of unsaponifiable matter, of which 8 % is cholesterol, higher fatty 
alcohols being probably absent; sperm head- and blubber-oils, on the contrary, 
contain 33-40 % of combined higher fatty alcohols, whilst the fatty acids also 
present are entirely different in character from those of any other marine 
animal [Hilditch and Lovern, 1928]. 

Whilst differences of the latter kind point clearly to synthesis of particular 
varieties of fatty compounds by specific classes of animals, the general simi¬ 
larity in composition, previously referred to, of the fatty acids of the livers and 

* The relative amounts of monoethylenic acids C sw H 38 0 2 and appear to vary somew hat 

widely from one species to another, and it is not certain that all the highly unsaturated acids of these 
groups are the same, even in liver oils of the same species of fish. At all events, it was noticeable 
that in certain cases (for example, Norwegian cod, saith (1), and hake) the esters of these acids 
polymerised exceedingly readily, whilst in others (especially saith (2), ling and skate) there was 
practically no tendency to polymerisation and fall in iodine value. This may be due (cf. p. 270) 
to some accidental catalytic acceleration of the polymerisation process from an unrecognised 
source, or may be an indication of structural differences in the constitution of the polyethylenic 
acids. 
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Table XIV. Percentage composition of fatty acids of matins animal oils. 

Saturated acids Unsaturated acids 

Oil Species C 14 C 16 C 18 C 14 C 16 C 18 C w C 24 


Sub-division Teleostomi. Order Teleostei. 
Family Gadidae. 


Cod-liver (Newfoundland) 

Gadus morrhua 

6 

8-5 

0-5 

Trace 

20 

29 

28 

10 

— 

Cod-liver (Scottish) 
Cod-liver (Norwegian) 

” 

3-5 

5 

10 

6-5 

Trace 

0*5 

0*5 

15*5 

16 

25 

31 

31*5 

30*5 

14 

10*5 

— 

Coalfiah (saith)-liver I 

G. virem 

6-5 

13 

0-5 

— 

14 5 

31 

24*5 

10 

— 

„ „ II 

99 

MerluccAus 

6 

12 

Trace 

Trace 

9*5 

29*5 

26*5 

10*5 

— 

Hake-liver 1 

7 

13 

__ 

Trace 

17 

18 

31 

14 

— 


merluccim 








14 


„ II 


4-5 

12 

0*5 

— 

12 

27 

30 

— 

„ HI 


5-5 

11 

0-5 

— 

8 

34 

25 

16 

— 

Ling-liver 

Molva molva 

5 

13 

1 

Trace 

13 

32*5 

24 

11*5 

— 



Family Clupeidae. 







Japanese sardine (whole 

Clupanodon 

6 

10 

o 

— 

13 

24 

26 

19 

— 

fish) 

mdanostica 










Menhaden (whole fish) 

Alo8a menhaden 

6 

16 

1-6 

__ 

155 

30 

19 

12 

— 


Sub-division Elasmobranchii. Order Selaohii. 







Family Squalid ae. 







Dogfish-liver 

Squalus acanthias 

6 

10-5 

3 ' 

— 

9 

24-5 

29 

12 

6* 

Mixed liver oils from 

Centrophorm , 

1 

13 

2*6 

Trace 

3*5 

35*5 

16*5* 

16* 

12* 


Lepidorkimis, 
etc. sp. 












Family Dalatiidae. 







Liver oil of 

Scymnorhinus 

1 

14-5 

3-5 

0*5 

4 

29 

10*5* 

26* 

10* 


lichia 












Family Rajidae. 







Skate-liver 

Baia maculata 

4 

14 

— 

Trace 

10*5 

20*5 

32*5f 

18*5f 

— 


Division Mammalia. Order Cetacea. 
Family Balaenidae. 


Whale oil (blubber): 


Arctic 

Balaena 

4 10*5 

3*5 — 

18 

33 

20 

11 — 

Newfoundland 

mysticctus 

99 

7*5 10 

3 1*5 

18 

44 


16 — 

South Sea 

Balaena 

8 12 

2 1*5 

15 

43 

8 

10 5 — 

Sperm whale: 

Head* 

australis 

Physeter 

Family Physeteridae. 

14 8 2 14 

15 

17* 

6*5* 


Blubber 

macrocephalus 

5 6*5 

— 4 

26*5 

37* 

19* 


Liver 


(24*6 % saturated) (42 % 

monoethylenic and 23*4 % 

polyethylenic) 


* Practically only monoetkylenic acids present, 
j Particularly high average unsaturation. 

$ The head acids also contained 3*5 % capric, 16 % lauric and 4 % lauroleic acids; the blubber acids 1-2 % of 
lauric acid. 0 

‘ in some cases the body-oils of many marine animals of diverse biological orders 
suggests that fish and marine mammalia may derive a considerable propor¬ 
tion of their fats by direct assimilation. The polyethylenic acids of the C M and 
Cg 2 series, which at one time were known only as characteristic of fishes and 
marine mammals, have been detected by Tsujimoto [1925] in Algae of different 
kinds in every instance tested, although it is true that the proportion present 
is much lower than in the fish-liver oils which are the subject of this 
paper; furthermore, it is stated by Grim and Halden [1929] that the fat of 
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birds which feed on fish also contains these high ly-un saturated acids, which 
are not present in the fat of birds whose diet is confine*! to insects, grain, etc. 
from non-marine sources. The determination of the origin (evidently marine 
in nature) of these unique highly unsaturated fatty acids is thus a problem of 
great interest which remains to be solved. 

Finally, the detailed composition of the fatty acids of the Elasmobranchii 
deserves further attention, in view of the interesting results so far obtained. 

It will be noticed that, in this group, the acids of skate-liver oil alone 
resemble those of the more frequently occurring type (but possess distinctly 
greater average unsaturation and amount of polyethylenic C 20 and C 22 acids, 
whilst the monoethylenic acids of these series are only present in minimal 
quantities); this skate-liver oil, however, contains, for an Elasmobranch oil, 
a very low proportion of unsaponifiable matter—lower, indeed, than any of 
the Gadidae oils. 

At the other extreme are the fats of Centrophorus , Lepidorhinus and Scym- 
norkinus species, which were the complement of large proportions of unsaponi¬ 
fiable matter composed mainly of the hydrocarbon squalene; the fatty acids 
from these sources contained no highly unsaturated C 20 and C 22 derivatives, 
but were mainly ethylenic in character and notable amounts of the mono¬ 
ethylenic acid containing 24 carbon atoms (selacholeic acid [Tsujimoto 
1927 ]) were also present. 

The dogfish-liver oil reported upon in this paper was intermediate in 
character between these varieties of Elasmobranch oil: it contained 10*5 % 
of unsaponifiable matter, which consisted partly of liquid hydrocarbons 
(squalene) and partly of solid crystalline compounds (cholesterol?). The fatty 
acids present were also intermediate in composition between those of the two 
extreme types, for selacholeic acid was present in small quantity, whilst the 
mean unsaturation of the C 20 and acids (about — 4*0 H) was higher than 
monoethylenic but less marked than in the cod- and other fish-liver oils which 
were first discussed. 

So far as the present data go, therefore, there is a definite and close relation 
in the Elasmobranch group between the character of the fat present and the 
amount and nature of the unsaponifiable matter. We are not inclined at this 
juncture to do more than point out that our recent results strengthen the 
conclusion of Hilditch and Houlbrooke [1928] that there is some connection 
between the absence of the polyethylenic C 20 and C 22 acids so characteristic 
of most animal oils and the presence of large proportions of squalene. We 
believe that at present no suggestion can be usefully offered to explain the 
genesis, much less a hypothetical transmutation into one another, of either 
the polyethylenic acids, of squalene, or of cholesterol or other sterols which are 
frequent components of the non-fatty matter. Bearing in mind what is already 
known of the fundamental differences in chemical structure of these com¬ 
pounds (the normal aliphatic carbon chain present in the poJyethenoid C 20 and 
Cjjg acids; the aliphatic branched chain system of squalene, C^H^, built up 
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from isoprene units; and the complex condensed ring-systems present in 
cholesterol), it is very difficult to imagine that they are mutually intercon¬ 
vertible by ordinary biochemical processes. It is perhaps more opportune, for 
the moment, to speculate whether different metabolic processes characteristic 
of specific organisms may not lead, according to circumstances, to the accumu¬ 
lation of differing kinds of organic compounds and the disappearance of other 
forms which are further utilisable by the organism concerned. 
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In an earlier paper [Herbert and Groen, 1929] it was shown that the dis¬ 
crepancies between the results of blood-sugar methods were due to non-glucose 
reducing substances present mainly in corpuscles. It appeared that ferric 
hydroxide filtrates and zinc hydroxide filtrates contained little or none of the 
non-glucose material, and that therefore the original MaoLean method and 
the original Hagedorn-Jensen method gave figures close to the true sugar value. 
The non-sugar material was shown to be present in tungstic acid filtrates, and 
to have a marked effect on all the analytical methods applied to tungstic acid 
filtrates except that of Benedict [1928]; the Hagedorn-Jensen method, applied 
to tungstic add filtrates, was affected most of all. It was suggested that the 
principal non-glucose substance responsible was glutathione. 

In the present investigation the effect of pure reduct'd glutathione on blood- 
sugar methods has been studied. The work falls into two sections; (1) a study 
of the effect of glutathione on the analytical methods, when no treatment 
corresponding to protein precipitation is used, and (2) a study of the behaviour 
of glutathione in various methods of protein precipitation, using mixtures of 
plasma and glutathione. 

Two different samples of glutathione were employed, both of which were 
received from Sir Frederick Hopkins’s laboratories. The first, received in 
December 1928, was a deliquescent substance, the solutions of which had a 
smell resembling that of mint. The second sample was received in July 1929, 
and consisted of the pure tripeptide of glycine, glutamic acid, and cysteine, 
prepared by Hopkins’s new method [1929]. 

The following blood-sugar methods have been used. 

(1) The Folin-Wu method [1920]. 

(2) The Shaffer-Hartmann method as modified by Somogyi [1926]. 

(3) The Hagedorn-Jensen method [1923]. 

(4) The Benedict method [1928]. 


1 Holding a grant from the Medical Research Council. 

* Holding a grant from the Rosenberg-Stokvis-Bischoffsheim funds. 
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The effect of puke reduced glutathione on the ferricyanide 

REAGENT AND THE VARIOUS COPPER REAGENTS. 

In this section of the work no treatment corresponding to protein pre¬ 
cipitation was used; aqueous solutions containing glucose and glutathione 
were analysed by the various methods. For each method the quantities of 
glucose and glutathione taken were those which might be expected to be 
present when blood is analysed, assuming for the moment that all the blood- 
glutathione reaches the filtrate, and remembering that the amount of filtrate 
taken corresponds to 0*5 cc. blood in the Shaffer-Hartmann method, 0*2 cc. 
blood in the Folin-Wu and Benedict methods, and 0*1 cc. in the Hagedorn- 
Jensen method. In these analyses the amount of glucose was that correspond¬ 
ing to a blood-sugar of 100 mg. per 100 cc., and the amounts of glutathione 



Fig. l. 

those corresponding to 3G to 150 mg. glutathione per 100 cc. blood. In 
this way, the effect of the glutathione was determined as an increment above 
the true sugar, and the conditions were comparable with those obtaining in 
blood analyses, except for the omission of the protein-precipitation methods. 
The volume of solution was in each method the same as in blood analyses. 
Results are given in Tables I and II. Fig. 1 gives the results in Table II in 
graphic form. We have tabulated only our results with the pure tripeptide, 
in the presence of an amount of glucose corresponding to a blood-sugar figure 
of 100 mg. per 100 cc. The earlier sample of glutathione gave similar figures. 

In other experiments the amount of glucose varied from 50 to 100 mg. 
per 100 cc., and the glucose equivalent of glutathione was the same. In the 
complete absence of glucose, however, the reduction due to glutathione was 
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not in all methods the same as in the presence of glucose; this will be discussed 
separately for each method. 

No special precautions were taken to prevent oxidation of the solutions by 
air, but in spite of this the results were, upon the whole, constant. 

Table I. Reducing action of glutathione in the presence of glucose . 

No treatment corresponding to protein precipitation . 

Reduction due to glutathione 


Method 

Glutathione 
taken, mg. 

cc. N )200 
thiosulphate 

Glucose mg. 

Hagedorn-Jensen 

0-06 

0190 

0*033 


0-09 

0*290 

0*051 


0*12 

0*375 

0*066 


015 

0*475 

0*084 

Shaffer-Hartmann 

0-18 

0*55 

0*065 


0-30 

1*05 

0*115 


0-45 

1*55 

0*175 


0*60 

2*10 

0*235 

Folin-Wu 

0*12 

— 

0*026 


0*18 

— 

0*036 


0-30 

— 

0-060 


0-48 

— 

0*090 


Table II. Glucose equivalents of various concentrations of glutathione 
(determined in the presence of glucose). 


Glucose equivalent of glutathione, mg. per 100 cc. 


Glutathione, 
mg. per 100 cc. 

t - 

Hagedorn - 
Jensen 

Shaffer- 

Hartmann 

Folin-Wu 

% 

Benedict 

[1928] 

36 

— 

13 

— 

— 

60 

33 

23 

13 

0 

90 

51 

35 

18 

0 

120 

66 

47 

— 

0 

150 

84 

— 

30 

0 

240 

— 

— 

45 

— 


The Hagedorn- Jensen method ,. 

In the presence of glucose, the ratio of the amount of glutathione present 
to its glucose equivalent is 100 : 56, and this ratio is constant for the range 
covered by the analyses. (Tables I and II.) 

In the absence of glucose, the glucose equivalent of glutathione is a little 
higher, viz.: 

0*050 mg. G. SH == 0*039 mg. glucose, 

0*100 mg. G. SH — 0*070 mg. glucose. 

The relation of glutathione to thiosulphate (determined in the presence of 
glucose) is 0*1 mg. G. SH = 0*32 cc. iV/200 thiosulphate. This is greater than 
the theoretical quantity required solely for the oxidation of the sulphydryl 
group. On the basis of the tripeptide formula, in the oxidation of the —SH 
to the —SS— form, one molecule of glutathione (m.w. 307) corresponds to 
one atom of hydrogen, i.e . 0*1 mg. G. SH corresponds to 0*065 cc. A/200 thio¬ 
sulphate. Therefore there must be some change other than the oxidation of 
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glutathione from the —SH to the —SS— form; this would be expected when 
such an unstable compound is boiled in alkaline solution in the presence of an 
oxidising agent. 

Glutathione has some reducing action on the Hagedorn-Jensen reagents at 
room temperature. If glutathione is added to the ferricyanide, and the iodide- 
zinc-sulphate-chloride solution and acetic acid are added at once, a variable 
reduction occurs, which is less than that observed when glutathione is heated 
with the ferricyanide, but greater than that theoretically required for the 
change from the —SII to the —SS— form. On the other hand, if the three 
reagents are mixed and the glutathione is added to the acid mixture, the re¬ 
duction approaches the theoretical figure for the oxidation of the sulphydryl 
group. 

Shaffer-Hartmann ( Somogyi) method. 

In the presence of glucose the ratio of glutathione to its glucose equivalent 
is 100: 39, and this ratio is constant for the range covered by the analyses 
(Tables I and II). 

In comparing the effects produced by glutathione in the presence and in 
the absence of glucose, it is necessary to consider a peculiarity in Somogyi’s 
table representing the relation of glucose to thiosulphate for this method 
[Somogyi, 1926]. In this table, whereas throughout the major part of the range 
the relation of glucose to thiosulphate is constant (1 cc. JV/200 thiosulphate is 
equivalent to 0*110 mg. glucose), in the lowest region of the table this relation 
does not hold, and 1 cc. A r /200 thiosulphate is equivalent to 0*205 mg. glucose. 
When the reducing action of glutathione is determined in the presence of 
glucose, the glucose value corresponding to the glutathione is read as an in¬ 
crement in the upper part of the table; when the glutathione is analysed alone 
the lowest part of the table is used. It is found that the reduction attributed 
to glutathione, when expressed as glucose, remains almost the same in the 
absence as in the presence of glucose, although the thiosulphate corresponding 
to the glutathione is not the same, viz. ; 
in the presence of glucose 

0*5 mg. G. SH — 1*75 cc. N/2 00 s 0*195 mg. glucose; 
m the absence of glucose 

0*5 mg. G. SH = 0*85 cc. Nj 200 = 0*185 mg. glucose. 

For our purpose it is most convenient to assume, as we have done in cal¬ 
culating these figures, that in the mixt ure the reduction value of glucose remains 
the same, and the reduction value of glutathione is,increased; but the actual 
mechanism of the reduction is unknown. When, in the Shaffer-Hartmann 
method, all the reduction values are expressed as glucose, the effect is obscured. 

The relation of glutathione to thiosulphate (determined in the presence of 
glucose) is very similar in the Shaffer-Hartmann and Hagedorn-Jensen methods; 
viz. in the Shaffer-Hartmann method, 0*60 mg.G. SH is equivalent to 2-10 cc. 
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jy/200 thiosulphate, and in the Hagedorn-Jensen method, 0*06 mg. G. SH is 
equivalent to 0*19 cc. iV/200 thiosulphate. 

Glutathione reduces the reagent at room temperature. To determine this 
reduction the glutathione and the copper reagent were mixed at room tem¬ 
perature, acidified at once and allowed to stand for 2 to 5 minutes; the mixture 
was then titrated in the usual way, when it was found that: 

0*50 mg. G. SH = 0*36 cc. A T /200 thiosulphate, 

1*00 mg. G. SH = 0*76 cc. N /200 thiosulphate. 

The requirement for the change from the —SH to the —SS— form is 
1 mg. G. SH = 0*65 cc. 2V/200 thiosulphate. The oxidation of the sulphydryl 
group by iodine may therefore account for the reaction which occurs at room 
temperature, but there must be an additional reaction when the glutathione 
is heated with the copper reagent, as in the orthodox method of estimation. 

The Folin-Wu method. 

In the presence of glucose the ratio of glutathione to its glucose equivalent 
is 100: 20, and this relation is constant for the range covered by the analyses 
(Tables I and II). The effect in the absence of glucose is the same (in this case 
the glucose standard is necessarily more dilute than for determinations in the 
presence of glucose). The presence of glutathione or of its oxidation products 
does not seem to cause any alteration in the blue colour, or to cause it to fade. 
The colours were matched as quickly as possible after dilution. 

At room temperature glutathione reduces the copper reagent, as was 
previously noted by Herbert and Groen [1929]. This reduction in the cold is 
much less than that which occurs when glutathione is heated with the copper 
reagent. 


The Benedict [1928] method . 

In the presence of glucose, glutathione produces no measurable effect. In 
the absence of glucose, a very slight reduction of the reagent occurs (as in¬ 
dicated by the colour developed on addition of the phosphomolybdate), but 
with the amounts of glutathione handled, this was too small to be estimated. 

The boiling-time was in all cases 10 minutes. There was a tendency for the 
colour to fade more rapidly in the glutathione mixtures than in the standard 
glucose solution, but no fading was observed within 10 minutes after dilution, 
during which time the readings were completed. 

The results obtained with aqueous solutions show that the glucose equi¬ 
valents of glutathione are in the approximate ratio 3 : 2 : 1 : 0 in the Hagedorn- 
Jensen, Shaffer-Hartmann, Folin-Wu, and Benedict methods respectively. 
Therefore when any blood filtrate which contains glutathione is analysed by 
these methods these effects will be observed. In considering actual blood 
analyses it is essential to know how the glutathione behaves at the stage of 
protein precipitation; this question will next be considered. 


19—2 
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The behaviour of pure reduced glutathione in the various 

METHODS OF PROTEIN PRECIPITATION. 

Mixtures of plasma and glutathione were submitted to the various pro¬ 
cesses for protein precipitation, and the filtrates were analysed by the different 
methods 1 . Since plasma contains no glutathione, the total quantity of gluta¬ 
thione in the mixture was known, and the results can legitimately be compared 
with those obtained with simple solutions (Table II and Fig. 1). 

Tungstic acid filtrates. For all four methods the analysis of tungstic acid 
filtrates from mixtures of plasma and glutathione gave the same results as 
had been obtained on the corresponding aqueous solutions (glucose and gluta¬ 
thione). Table II and Fig. 1 may be applied to tungstic acid filtrates. We 
therefore conclude that the whole of the glutathione passes into the tungstic 
acid filtrates. As would be expected, the filtrates show a strongly positive 
nitroprusside reaction. 

Zinc hydroxide filtrates. Two methods of preparing zinc hydroxide filtrates 
were employed: (1) the technique described by Hagedorn and Jensen for use 
with their ferricyanide method [1923], and (2) the technique of Somogyi 
[1929,1, 2] which maybe used in association with various analytical methods. 

In the Hagedorn-Jensen precipitation method the blood is diluted 1 in 61 
and is heated with the zinc hydroxide in a boiling water-bath before filtration; 
the relative quantities of zinc sulphate and sodium hydroxide are such that 
the filtrates are slightly acid 6-8). In Somogyi’s precipitation technique 
the blood is laked in a solution of zinc sulphate and sulphuric acid, sodium 
hydroxide is added, and the mixture is filtered; the whole process is carried 
out at room temperature; the dilution of the blood is 1 in 10; and there is a 
slight excess of sodium hydroxide, so that the filtrate is slightly alkaline 
(jtjjj 7*4). Mixtures of plasma and glutathione have been submitted to both 
these processes, and the filtrates analysed by the ferricyanide method. 

When the Hagedorn-Jensen precipitation technique was followed, the 
added glutathione caused a slight increment above the plasma-sugar figure, 
though this effect was much less than that observed with the tungstic acid 
precipitation. The figures obtained were: 

60 mg. glutathione per 100 cc. ~= 10 mg. glucose per 100 cc. 

90 „ „ „ 100 „ = 19 „ „ „ 100 „ 

120 „ „ „ 100 „ = 33 „ „ „ 100 „ 

Evidently a small proportion of the added glutathione passed into these 

filtrates. With the larger quantities of glutathione, the filtrates showed a 
faintly positive nitroprusside reaction. 

1 In using the ferricyanide method for filtrates other than the original zinc filtrates of Hage¬ 
dorn and Jensen, we took an amount of filtrate corresponding to 0-1 cc. plasma, and diluted this 
to 12 cc. before heating with the alkaline ferricyanide. The conditions were therefore strictly 
comparable with those obtaining in the original method, in which the total amount of filtrate 
corresponds to 0*1 cc. of blood or plasma, and the volume of filtrate and washings is approximately 
12 cc. 
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When Somogyi’s precipitation method was used the added glutathione 
caused no increment above the plasma-sugar figure, and the filtrate showed no 
nitroprusside reaction. Therefore no glutathione passes into filtrates made by 
Somogyi’s technique. 

It was found that the difference in the behaviour of glutathione in the two 
methods of zinc hydroxide precipitation was due to the difference in reaction 
of the protein precipitation mixtures. If the amount of alkali in the Hagedorn- 
Jensen technique was increased (keeping other conditions the same) so that 
a slightly alkaline filtrate was obtained, no glutathione passed into the filtrate, 
as indicated by the figures given on analysis by the ferricyanide method. On 
the other hand, if the amount of alkali in Somogyi’s technique was diminished, 
so as to produce a neutral filtrate, a part of the glutathione passed into the 
filtrate, as indicated by the effect on the ferricyanide reagent, and by the fact 
that a positive nitroprusside reaction was obtained. 

From the above observations we can predict the effect which would be 
produced by a given amount of glutathione in blood when various analytical 
methods are applied to the various blood-filtrates. It is known that reduced 
glutathione is present in blood, and occurs only in the corpuscles [Hunter and 
Eagles, 1927; Holden, 1925; Thomson and Voegtlin, 1926; Uyei, 1926; Hopkins, 
1929]. The exact quantity in human blood is not known; the figure given by 
Hunter and Eagles—40 to 50 mg. per 100 cc. whole blood—is based on the 
intensity of the nitroprusside reaction in tungstic acid filtrates, and may be 
taken as approximately correct if it may be assumed that glutathione is the 
only sulphydryl compound of which any appreciable amount is present in 
blood. 

If there are 50 mg. reduced glutathione per 100 cc. of whole blood, and if 
this is the only non-glucose substance capable of producing an appreciable 
effect on blood-sugar methods, we should expect the following results when the 
various methods are applied to whole blood: on tungstic acid filtrates, the 
Hagedorn-Jen8en figure would be higher than the true sugar value by 28 mg. 
per 100 cc.; the Shaffer-Hartmann figure would be too high by 19 mg. per 
100cc.; the Folin-Wu figure too high by 10 mg. per 100 cc. The Benedict 
method alone would give a true sugar figure for tungstic acid filtrates. All 
four analytical methods applied to the zinc hydroxide filtrates made by 
Somogyi’s technique would give true sugar values. The original Hagedorn- 
Jensen method (i.e. the Hagedorn-Jensen precipitation technique together 
with the ferricyanide method of analysis) would give slightly high figures 
(about 9 mg. per 100 cc. above the true sugar value). 

The comparison between these predicted effects and the results observed 
in blood analyses is given in the following paper. 
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Summary. 

The effect of aqueous solutions of reduced glutathione upon the various 
oxidising reagents employed in blood-sugar methods has been determined. 
The greatest effect (expressed in terms of glucose) is produced in the ferri- 
cyanide reduction; next in order come the Shaffer-Hartmann (Somogyi) copper 
reduction, and the Folin-Wu copper reduction. The copper reagent of Benedict 
is unaffected by glutathione. 

In the tungstic acid precipitation, applied to mixtures of plasma and 
glutathione, all the added glutathione passes into the filtrates. In Somogyi’s 
zinc hydroxide precipitation no glutathione passes into the filtrates. The zinc 
hydroxide precipitation of Hagedorn and Jensen allows a portion of the added 
glutathione to pass into the filtrates. 

The blood-sugar determinations will be unaffected bv glutathione (1) when 
any analytical method is applied to a filtrate containing no glutathione ( e.g . 
Somogyi’s zinc filtrate), or (2) when the analytical method employed is un¬ 
affected by glutathione, whatever the protein precipitation method (e.g, 
Benedict’s method applied to any blood filtrate). 

We wish to express our thanks to Sir Frederick Hopkins and to Mr Meldrum 
for the samples of glutathione. 
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In the preceding paper the behaviour of pure reduced glutathione in the various 
blood-sugar methods was described. In the present paper the effects produced 
by the non-sugar reducing substances of blood are determined, and are com¬ 
pared with those obtained with pure glutathione. 

Experimental. 

Freshly drawn, oxalated, venous blood of normal adults was used, and to 
each sample three methods of protein precipitation were applied. These were: 
(I) the Folin-Wu tungstic acid precipitation, which allows glutathione to pass 
into the filtrate, (2) the zinc hydroxide precipitation of Somogyi [1929, 1] in 
which the glutathione is removed, and (3) a new technique for preparing a 
glutathione-free filtrate with tungstic acid. Each of the three filtrates was 
analysed by the following methods: Hagedorn-Jensen [1923], Shaffer-Hart- 
mann [Somogyi, 1926], Folin-Wu [1920] and Benedict [1928]. In all precipi¬ 
tation methods the dilution of the blood was 1 in 10, so that for the Shaffer- 
Hartmann, Folin-Wu, and Benedict methods the volumes of filtrate described 
in the original methods were taken. In the ferricyanide method 1 cc. filtrate 
was used, and the volume was made up to about 12 cc. with distilled water 
before addition of the ferricyanide. This procedure is exactly comparable with 
the original Hagedorn-Jensen method, in which 0*1 cc. of blood is taken, and 
the volume of the filtrate from this, together with the washings, is about 12 cc. 

All filtrates were neutralised (to phenolphthalein) before use; the volume 
of alkali added was negligible in relation to the total volume. In the case of 
the zinc hydroxide filtrates the addition of the alkali caused a further precipi¬ 
tation of zinc hydroxide, which was removed by re-filtering. 

In the colorimetric methods readings were taken within 10 to 15 minutes 
after dilution of the coloured solution, and no fading of the colour took place 

1 Holding a grant from the Medical Research Council. 
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in this time. Everett [1929] has suggested that such fading may cause an error 
in the Benedict method. 

Folin-Wufiltrates were made in the usual way [Folin and Wu, 1919]. They 
invariably gave a positive nitroprusside reaction. 

Zinc hydroxide filtrates were made as described by Somogyi [1929, 1]. In 
every case we found the nitroprusside reaction negative. Therefore these 
filtrates contain no appreciable amount of reduced glutathione. 

On the basis of our experience with glutathione solutions we may say that 
a negative nitroprusside reaction indicates that the concentration of gluta¬ 
thione, if any, is less than 0*3 mg. per 100 cc. filtrate. Such small amounts 
produce no measurable effect on the analytical methods. 

A preliminary comparison was made between the Somogyi zinc precipi¬ 
tation method and the Hagedorn-Jensen zinc precipitation method, using the 
ferricyanide method of analysis. In every case the Hagedorn-Jensen pre¬ 
cipitation technique gave a higher figure than the Somogyi precipitation 
technique. The difference was 1 to 10 mg. per 100 cc. (average 4 mg. per 100 cc.) 
and was therefore scarcely outside the limits of experimental error, but. since 
the Hagedorn-Jensen filtrate gave always the higher figures, the difference is 
probably significant. On the basis of the work with pure glutathione, it was 
predicted that the Hagedorn-Jensen filtrate would give figures higher than the 
Somogyi filtrate by 9 mg. per 100 cc. The difference between the observed and 
expected results is small. 

The zinc hydroxide filtrates in the experiments in Table I were all made by 
the Somogyi technique. 

Modified tungstic acid filtrates. Glutathione is present only in the corpuscles, 
and therefore presumably exists in a non-diffusible form. It is possible to 
prepare a filtrate free from glutathione if the corpuscles are preserved intact 
during the precipitation process. The Folin-Wu tungstic acid procedure has 
been modified by delivering the blood sample into an isotonic salt solution 
instead of laking it in distilled water, and adding a quantity of tungstate and 
acid sufficient to precipitate the plasma proteins. The procedure is as follows. 

1 cc. blood is mixed with 8 cc. 3 % sodium sulphate (Na 2 S0 4 , 10H a O) and 
0*5 cc. 10 % sodium tungstate (Na 2 W0 4 , 2H 2 0), and 0*5 cc. 2/3 N sulphuric 
acid is added. The mixture is centrifuged or filtered; in either case the intact 
corpuscles are removed mechanically, being thrown down by the centrifuge, 
or, in the case of filtration, caught up in the precipitated plasma-proteins. For 
this reason less tungstic acid is required than in the ordinary Folin-Wu pre¬ 
cipitation. The precipitate remains bright red, and microscopically the 
corpuscles are seen to be intact. The nitroprusside reaction of the filtrate is 
negative; therefore the filtrate contains no reduced glutathione. 

Separation of the filtrate should be accomplished without undue delay 
(e.g. within 30 minutes of the addition of the tungstate and acid). The p B of 
this sulphate -tungstic ? ’ filtrate is approximately the same as that of the 
Folin-Wu filtrate. 
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If the tungstic acid is in excess of the amounts specified, it is only possible 
to obtain a glutathione-free filtrate if the preparation of the filtrate is com¬ 
pleted within 4 minutes of making the mixture. After this time, the tungstic 
acid begins to attack the corpuscles with liberation of glutathione, as is shown 
by the gradual and parallel development of the following changes: the colour 
of the protein precipitate changes, as a result of the formation of acid haematin; 
microscopically, “ghosts” of corpuscles appear in the mixture; the filtrate 
gives a positive nitroprusside reaction of increasing intensity; and the apparent 
“sugar” figure of the filtrate, analysed by the ferricyanide method, rises. 

Sodium sulphate is chosen for the isotonic solution because it does not 
interfere with the blue colour in the Folin-Wu and Benedict methods. Chloride 
causes a rapid fading of this colour; this has also been noted by Everett, 
Shoemaker, and Sheppard [1927]. 

In the above technique the glutathione is retained in the corpuscles. The 
glucose, on the other hand, diffuses freely throughout the precipitation mixture, 
as will be shown in considering the analytical results. 

Note on a colour reaction of unknown origin . 

While working out the new technique we observed a curious colour re¬ 
action. When blood was mixed with isotonic sodium chloride solution, an 
excess of tungstic acid added, the mixture centrifuged, and the supernatant 
fluid poured through a filter, the filter paper gradually developed a blue colour. 
This colour faded in the dark and reappeared on exposure of the paper to 
light; it was marked when 1 cc. 10% sodium tungstate and Ice. 2/3 N 
sulphuric acid were used for 1 cc. blood, and very faint when the proportions 
were 0*5 cc. of each reagent for 1 cc. blood. We have not investigated the cause 
of this colour, but it is of interest that a similar colour appeared on the paper 
through which mixtures of yeast and tungstic acid were filtered. We never 
observed this colour when mixtures of yeast with blood or plasma were pre¬ 
cipitated by tungstic acid; nor was it ever seen with the ordinary Folin-Wu 
precipitation of blood. 

Results. 

The results of twelve experiments on six normal subjects are given in 
Table I. The salient points are as follows. 

On zinc hydroxide filtrates (Somogyi’s technique) all methods agree fairly 
well; the maximum variation is 9 mg. per 100 cc. There is a tendency for the 
two titration methods to give slightly higher figures than the colorimetric 
methods. On an average the Hagedorn-Jensen figure is 4 mg., the Shaffer- 
Hartmann, 5 mg., the Folin-Wu, 2 mg. per 100 cc. higher than the Benedict 
figure. The differences are small and it is impossible to say whether they are 
due to technical causes or to the presence in the zinc filtrates of traces of inter¬ 
fering substances. Somogyi [1929, 2] has applied various methods to zinc 
hydroxide filtrates and found that they agree within the limits of experimental 
error. 
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Date and 

subject Methods 

31. x. 29 Hagedorn-Jensen 

K. Shaffer- Hartmann 

Folin-Wu 
Benedict [1928] 

4. xi. 29 Hagodom-Jensen 

F.K.H. Shaffer-Hartmann 

Folin-Wu 
Benedict [1928] 

6. xi. 29 Hagedorn-Jensen 

M.C.B. Shaffer-Hartmann 

Folin-Wu 
Benedict [1928] 

15. xi. 29 Hagedorn-Jenson 

K. Shaffer-Hartmann 

Folin-Wu 
Benedict [1928] 

18. xi. 29 Hagedorn-Jensen 

E. Shaffer-Hartmann 

Folin-Wu 
Benedict [1928] 

27. xi. 29 Hagedorn-Jensen 

M.C.B. Shaffer-Hartmann 

Folin-Wu 
Benedict [1928] 

3. xii. 29 Hagedorn-Jensen 

E. Shaffer-Hartmann 

Folin-Wu 
Benedict [1928] 

6. xii. 29 Hagedorn-Jensen 

G.A.H. Shaffer-Hartmann 

Folin-Wu 
Benedict [1928] 

16. xii. 29 Hagedorn-Jensen 

B.H. Shaffer-Hartmann 

Folin-Wu 
Benedict [1928] 

19. xii. 29 Hagedorn-Jensen 

F. K.H. Shaffer-Hartmann 

Folin-Wu 
Benedict [1928] 

23. xii. 29 Hagedorn-Jensen 

■H.H. Shaffer-Hartmann 

Folin-Wu 
Benediet [1928] 

20. i. 30 Hagedorn-Jensen 

G. A.H. Shaffer-Hartmann 

Folin-Wu 
Benedict [1928] 


Table I. 


Reducing substance expressed as mg. glucose 
per 100 cc. blood 



86 

62 

60 

24*] 

81 

63 

61 

18 [ 

74 

63 

' 58 

11 

57 

57 

57 


137 

92 

86 

25) 

109 

92 

89 

17 i 

99 

90 

81 

9 f 

80 

81 

80 


119 

90 

94 

291 

113 

94 

92 

19 1 

104 

91 

90 

13 f 

89 

90 

90 

-lj 

112 

87 

85 

251 

109 

87 

87 

22 1 

100 

81 

82 

19 f 

83 

78 

81 


119 

87 

83 

321 

113 

90 

90 

23 ! 

99 

83 

81 

16 f 

78 

79 

78 

-lj 

97 

72 

67 

251 

85 

73 

73 

12 ( 

84 

73 

69 

11 f 

70 

68 

69 

lj 

166 

134 

131 

32'] 

152 

130 

128 

22 1 

153 

137 

135 

16 ( 

129 

127 

128 

2 } 

133 

107 

106 

261 

120 

101 

101 

19 1 

112 

101 

101 

‘if 

96 

93 

100 

118 

85 

85 

331 

102 

81 

81 

21 1 

100 

84 

82 

16 f 

79 

75 

79 

4 I 


60 


86 


91 


83 


83 


70 


131 


101 


81 
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The “sulphate-tungstic” filtrates give values which are in good agreement 
with those found for the zinc hydroxide filtrates. All the methods applied to 
them agree fairly well; the variations are of the same order as those found for 
the zinc hydroxide filtrates, and may be due to the presence of traces of inter¬ 
fering substances or to technical causes. 

In every experiment the Folin-Wu filtrates give higher figures than the 
zinc hydroxide and “sulphate-tungstic” filtrates, by every method except 
Benedict’s. The highest values are always obtained by the Hagedorn-Jensen 
method, and after this in order come the Shaffer-Hartmann, Folin-Wu, and 
Benedict methods. 

In any given experiment the Benedict figure is approximately the same for 
all three filtrates. The maximum variation is 7 mg. per 100 cc., and only two 
experiments show a greater discrepancy than 5 mg. per 100 cc. The variation 
is therefore within the limits of experimental error. 

Discussion. 

True sugar . 

For each blood sample w r e have nine determinations which we know are un¬ 
affected by glutathione. These include all determinations on the zinc hydroxide 
and “sulphate-tungstic” filtrates, since these filtrates contain no glutathione, 
and the determination on the Folin-Wu filtrate by the Benedict method, which 
is unaffected by the glutathione. These nine determinations agree fairly well; 
the maximum variation is 14 mg. per 100 cc., and in all but three experiments 
the figures fall within 10 mg. per 100 cc. Somogyi [1929, 1] has proved that his 
zinc hydroxide filtrates contain only fermentable sugar. Since in our experi¬ 
ments the “sulphate-tungstic” filtrates show the same figures as the zinc 
filtrates, we may regard these also as representing only true sugar. The possible 
criticism that in our method glucose might be retained in the corpuscles is also 
met by this agreement, since the corpuscles are laked in the zinc hydroxide 
technique. Also, the Benedict figure on the “sulphate-tungstic” filtrate agrees 
with the Benedict figure on the Folin-Wu filtrate; this indicates that both 
filtrates contain the same concentration of glucose. 

The slight variation which occurs among the nine determinations under 
consideration may possibly be due to traces of interfering substances, but a 
consideration of individual experiments shows that the variation is not more 
than might be expected as experimental error. Therefore any or all of the nine 
figures mentioned may be taken as representing the true blood-sugar value, 
unaffected by glutathione or other reducing material. The average of the nine 
figures for each experiment is listed in the tables as “True sugar,” and the 
variation from this average is never greater than ± 7 mg. per 100 cc., and is 
usually less than this. 
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Non-sugar effect . 

The differences between the figures given by the Folin-Wu filtrate and those 
given by the “sulphate-tungstic” filtrate must be due entirely to the non- 
diffusible reducing substances derived from corpuscles. If the 44 sulphate- 
tungstic 5 ’ filtrate may be regarded as giving true sugar figures, then the whole 
of the non-sugar reducing material must consist of the non-diffusible substances 
of corpuscles. The Folin-Wu filtrate contains this non-diffusible material, 
which must be partly or wholly accounted for as glutathione. The effect due 
to this (expressed as glucose) is determined, for each method, by subtracting 
the figure obtained with the 44 sulphate-tungstic” filtrate from that obtained 
with the Folin-Wu filtrate. These difference values are listed in the table under 
the heading 44 non-sugar effect. 55 The amount indicated varies consistently 
with the method used, but for any one method a striking constancy is main¬ 
tained through the series. These facts may be summarised as follows: 



Maximum 

Minimum 



Exp. 6. xii. 29 

Exp. 18. xi. 29 

Average 

Method 

(mg. per 100 cc.) 

(mg. per 100 cc.) 

(mg. per 100 cc.) 

Hagedorn-Jensen 

32 

25 

28 

Shaffer- Hartmann 

23 

17 

18 

Folin-Wu 

16 

9 

13 

Benedict 

-1 

-1 

1 


When these effects observed in blood are compared with the effects pro¬ 
duced by pure glutathione, it is found that for each experiment it is possible 
to explain the whole of the observed effect by postulating a definite concentra¬ 
tion of glutathione in the blood. Thus, from the curves plotted for pure gluta¬ 
thione (Fig. 1 of the preceding paper) we can ascertain the effect, expressed 
as mg. glucose per 100 cc., that would be produced by various concentrations 
of reduced glutathione : 


Hagedorn-Jensen 
Shaffer- Hartmann 
Folin-Wu 
Benedict 


59 mg. G.SH 

44 mg. G.SH 

52 mg. G.SH 

per 100 cc. 

per 100 cc. 

per 100 cc. 

32 

24 

29 

23 

17 

20 

13 

10 

11 

0 

0 

0 


The maximum non-sugar effect observed in the experiments on blood 
(Table I, G.A.H. 6. xii. 29) corresponds closely to the effect which would be 
produced by a blood-glutathione of 59 mg. per 100 ce.; the minimum effect 
(Table I, E. 18. xi. 29) may be explained on the hypothesis that that blood 
contained 44 mg. glutathione per 100cc.; the average effect is very close to 
that produced by 52 mg. glutathione per 100 cc. Similarly for each individual 
blood sample it is possible to find a concentration of glutathione (between 44 
and 59 mg. per 100 cc. blood), which will entirely explain the non-sugar effect 
and the discrepancies among the methods applied to Folin-Wu filtrates. The 
agreement among all methods applied to the other two filtrates is adequately 
explained by the fact that they contain no glutathione. 

If the whole of the non-sugar effect is due to glutathione the concentration 
of this substance in normal human blood must be of the order of 52 mg. per 
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100 cc. The amount of glutathione in human blood has not yet been accurately 
determined. The published figures [Hunter and Eagles, 1927; Benedict and 
Newton, 1929, 1] indicate a concentration of 40 to 90 mg. per 100 cc. 
whole blood, but these figures rest on the assumption that glutathione is the 
only substance, present in the blood in appreciable amounts, which can give 
a positive nitroprusside reaction. 

The evidence we have obtained is strongly suggestive that the non- 
diffusible reducing material, derived from corpuscles, and present in the Folin- 
Wu blood filtrates, consists entirely of glutathione, but it is possible that other 
substances may be included. However, any such substances, if they exist, 
must have several properties in common with glutathione. They must be non- 
diffusible and confined to corpuscles; they must be precipitated or destroyed 
in the zinc hydroxide precipitation; they must have no effect on the Benedict 
reagent, and must affect the Hagedorn-Jensen, Shaffer-Hartmann, and Folin- 
Wu reagents in the same ratio as does glutathione. 

This particular numerical ratio may not be characteristic of glutathione 
only. It was pointed out, in the preceding paper, that the reducing action of 
glutathione expressed in terms of thiosulphate (cc. 2V/200) was almost the 
same in the Shaffer-Hartmann as in the Hagedorn-Jensen method; but since 
the amount of thiosulphate which corresponds to a given amount of glucose is 
not the same in the two methods, the effect of glutathione, expressed as 
glucose, is different in the two methods. All the methods of blood-sugar 
estimation are empirically calibrated for glucose under the standard conditions 
of the method, and the reduction produced by a given amount of glucose is 
not a constant quantity for all methods. Therefore, any non-glucose reducing 
substance which produced the same reduction (expressed in terms of hydro¬ 
gen) in all the methods would necessarily show different glucose equivalents 
in the different methods. In the two titration methods used, a constant 
reduction effect would show itself as a constant relation to thiosulphate, the 
same for both. The glucose equivalents of any substance which behaved in 
this way in the Hagedorn-Jensen and Shaffer-Hartmann methods would be 
in approximately the same ratio as the glucose equivalents of glutathione. 
Unfortunately it is not possible to calculate what the effect would be in the 
Folin-Wu method; all that can be done in the colorimetric method is to compare 
the reducing action of the non-glucose substance with that of glucose. 

Our conclusion must therefore be stated as follows. The discrepancies 
between the various blood-sugar methods, applied to different blood filtrates, 
can be explained by the single postulate that the blood contains a certain 
definite amount of glutathione, on an average, 52 mg. per 100 cc. whole blood, 
and figures of this order are supported by estimations depending on the nitro- 
prusside reaction. 

If it were independently proved that the concentration of glutathione in 
human blood falls within the narrow limits suggested by our figures, then the 
non-sugar reducing material of human blood would be completely accounted for. 
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Discussion of points in the literature in the light of the present findings. 

The results of the present work confirm the main results of Herbert and 
Groen [1929] and support very strongly the suggestion then made, that gluta¬ 
thione is the main cause of the discrepancies between blood-sugar methods. 
Two minor inconsistencies between the present and former results call for 
mention. In the earlier paper the average discrepancy between the Folin-Wu 
and Shaffer-Hartmann methods was zero; in the present work the Shaffer- 
Hartmann figures are, on the average, 5 mg. per 100 cc. higher than the Folin- 
Wu figures. The hypothesis that glutathione is the main non-glucose reducing 
substance in blood demands a difference of 8 mg. per 100 cc. (for 50 mg. 
glutathione per 100 cc.). Secondly, in the earlier work the Benedict method 
(tungstic filtrates) gave higher figures than the Hagedorn-Jensen method 
(zinc filtrates); the average discrepancy was for plasma 9, for whole blood 10, 
and for corpuscles 10 mg. per 100 cc. It was realised that this could not be 
due to the blood-glutathione, since the difference was the same for plasma and 
for corpuscles. In the light of the present work it seems probable that there 
was some technical cause tending to raise the Benedict figures, though it cannot 
now be traced. The results of the present work accord with the known behaviour 
of glutathione. 

MacLean’s method must also be briefly considered. In the work of Herbert, 
and Groen this method was shown to agree fairly well with the Hagedorn - 
Jensen method applied to Hagedorn-Jensen filtrates and to give figures lower 
than the Shaffer-Hartmann method by 7 mg. per 100 cc. on plasma, 20 mg. 
per 100 cc. on whole blood, and 39 mg. per 100 cc. on corpuscles. The relation 
of results by MacLean s method to results by other methods shows that 
MacLean’s method gives figures close to the true sugar value, and in the earlier 
paper evidence was given that this was due to the use of ferric hydroxide 
filtrates, which contain little or no non-glucose material. We have been unable 
to determine how glutathione in blood would affect MacLean’s method because 
the behaviour of pure glutathione was irregular both in the protein precipi¬ 
tation stage and in the copper reduction. Possibly the conditions of blood- 
protein precipitation are more favourable to the removal of glutathione than 
are the conditions in our* artificial mixtures—for in the blood the glutathione 
is confined to corpuscles, whereas in our mixtures the glutathione was free in 
solution. From the practical standpoint, we may say that in ordinary blood 
analyses MacLean’s method gives regular results which are close to the true 
sugar value. 

Somogyi [1927, 1928, 1929, 1, 2; Somogyi and Kramer, 1928] has shown 
that the non-fermentable reducing substances of blood are present mainly in 
corpuscles, and are responsible for the discrepancies between certain blood- 
sugar methods applied to tungstic acid filtrates. He found no non-fermentable 
reducing substance in zinc hydroxide filtrates made by his technique, and the 
figures obtained by the Shaffer-Hartmann, Folin-Wu, Folin, and Benedict 
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methods, applied to these filtrates, agreed within the limits of experimental 
error. The total reduction value of his zinc hydroxide filtrate was found to 
agree with the “fermentable sugar’’ in the Folin-Wu filtrate from the same 
blood. This agreement places the technique of true sugar determination in 
Folin-Wu filtrates by fermentation methods on a firmer basis, as the estima¬ 
tion of residual reduction was always open to the objection that the non-sugar 
reducing material might include glutathione derived from yeast. We have 
observed that glutathione is not removed from, yeast by washing as in Somogyi’s 
technique; the glutathione must have remained inside the yeast cells in 
Somogyi’s experiments. 

When calculating true sugar as the difference between the total reduction 
and the residual reduction after yeast fermentation, it should be remembered 
that, in some methods, 11011 -sugar substances have a different glucose equivalent 
in the presence and in the absence of glucose. We find that, with the Hage- 
dorn-Jensen ferricyanide reagent, glutathione has a higher glucose equivalent 
in the absence than in the presence of glucose, whereas in the Shaffer-Hartmann 
and Folin-Wu methods the glucose equivalent remains the same whether 
glucose is present or absent. Somogyi [1929, 2] has pointed out that the non¬ 
glucose reducing material of blood has a different effect on the Folin [1926] 
reagent in the presence and in the absence of glucose. Benedict [1928] states 
that his (1928) reagent is affected by the non-glucose reducing material of 
blood in the absence, but not in the presence, of glucose. Our study of the 
effect of pure glutathione on this reagent does not shed any light on this state¬ 
ment; our experience is that, in the absence of glucose, the effect of such 
quantities of glutathione as might be present in blood filtrates is negligible. 

Our figures for different blood filtrates, as well as our observation that 
glutathione produces no measurable effect on the Benedict reagent, support 
Benedict’s claim that his method gives true sugar figures on Folin-Wu filtrates. 

Benedict and Newton [1929, 2] have adduced evidence that glutathione is 
the main non-glucose reducing substance in sheep’s blood. They suggest that 
human blood contains at least one, and probably two, non-sugar reducing 
substances in addition to glutathione and ergothioneine, but, as far as we 
know, they have not yet published the evidence for this opinion. 

As regards ergothioneine, the amount in tungstic acid filtrates from human 
blood is too small to have an appreciable effect on blood-sugar methods, as 
was pointed out by Herbert and Groen [1929], Benedict and Newton [1929, 1] 
have found higher figures for ergothioneine in tungstomolybdic acid filtrates 
than in tungstic acid filtrates, but even with the tungstomolybdic acid method, 
the figures were below 10*1 mg. per 100 cc. (with the exception of a single 
sample with a figure of 24*4). It is our experience that concentrations below 
10 mg. per 100 cc. would have very slight effects on blood-sugar analyses (less 
than 6 mg. per 100 cc., as glucose, by the ferricyanide method, which shows 
the greatest effect),. 

Sjollema [1927] determined the effect of glutathione on the Folin-W T u 
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reagent and on ferricyanide. The ratio of glutathione to its glucose equivalent 
was 100:12*5 for the Folin-Wu reagent, and 100: 48*5 for the ferricyanide 
method. He noted that oxidised glutathione had the same effect as the reduced 
form. Benedict and Newton [1929, 2] also noted that oxidised and reduced 
glutathione have the same effect on the Folin-Wu reagents. We have not 
studied the effect of oxidised glutathione, but we have shown that the re¬ 
duction produced by reduced glutathione is due to some other change than the 
oxidation of the sulphydryl group. Benedict and Newton found that the ratio 
of glutathione to its glucose equivalent is 100 : 20 in the Folin-Wu method. 

Evidence has been given in the present paper that the new “ sulphate- 
tungstic ” filtrate, like Somogyi’s zinc hydroxide filtrate, gives true sugar 
figures for normal human blood. It must not be assumed a priori that these 
methods will universally give true sugar figures in other species, or in patho¬ 
logical conditions in man. It is necessary to consider each species separately. 
For example, Hiller, Linder and Van Slyke [1925] stated that the Hagedorn- 
Jensen method applied to tungstic filtrates gave the same figures as when zinc 
hydroxide filtrates were used. They used dog’s blood, which, as tJyei [1926] has 
shown, contains about 26 mg. glutathione per 106 ec. corpuscles—an amount 
too small to affect appreciably the determinations on whole blood. 

The difference between the figures obtained on the Folin-Wu and “ sulphate- 
tungstic” filtrates is an index of the non-diffusible reducing material of cor¬ 
puscles, which consists mainly, if not wholly, of glutathione. In normal human 
blood there is no appreciable amount of other, diffusible, non-sugar reducing 
substances, and the “sulphate-tungstic/ 9 filtrate gives true sugar figures. If, 
in other species, or in pathological conditions in man, there were any such 
diffusible reducing substances present, the “sulphate-tungstic” filtrate would 
not give true sugar figures, but the difference between the total reducing value 
of Folin-Wu and of “sulphate-tungstic” filtrates could still be used as a 
measure of the non-diffusible fraction of the non-glucose reducing material. 

Summary. 

1. A modification of the Folin-Wu tungstic acid precipitation is described. 
The corpuscles are retained intact by the substitution of an isotonic sulphate 
solution for distilled water. The non-diffusible glutathione remains in the cells, 
while the glucose diffuses freely throughout the mixture. 

2. In a series of experiments on normal human blood, the Folin-Wu 
filtrate, the “sulphate-tungstic” filtrate, and the Somogyi zinc hydroxide 
filtrate from the same blood were each analysed by four methods: (1) the 
ferricyanide method, (2) the Shaffer-Hartmann method, (3) the Folin-Wu 
method, and (4) the Benedict (1928) method. 

3. The four methods agree when applied to the zinc hydroxide filtrates and 
to the “sulphate-tungstic” filtrates, which contain no glutathione. The Bene¬ 
dict method, which is unaffected by glutathione, gives the same figure for these 
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and for the Folin-Wu filtrate. All these determinations are believed to re¬ 
present true sugar. 

4. Definite non-sugar reducing effects are observed when the Hagedorn- 
Jensen, Shaffer-Hartmann, and Folin-Wu methods are applied to Folin-Wu 
tungstic acid filtrates. The average values of these effects, expressed as glucose, 
are for the ferricyanide method, 28, for the Shaffer-Hartmann method, 18, and 
for the Folin-Wu method, 13 mg. per 100 cc. The whole of this effect is shown 
to be due to the non-diffusible reducing material derived from corpuscles. 

5. It is shown that the results may be explained by the single postulate 
that the blood analysed contained a certain definite quantity of reduced gluta¬ 
thione (44-60 mg. per 100 cc. whole blood), present in corpuscles in non- 
diffusible form. This hypothesis is supported by the published data on the 
concentration of glutathione in human blood. 

6. Comparison of the zinc hydroxide precipitation method of Somogyi 
with that of Hagedorn and Jensen, using the ferricyanide method of analysis 
in each case, showed that the Hagedorn-Jensen filtrates gave slightly higher 
figures than the Somogyi filtrates. This may be explained by the known 
behaviour of glutathione in the two precipitation methods. 
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Mathews and Walker [1909] studied the apparent autoxidation of cysteine 
to cystine and showed the acceleration of the velocity of oxidation by very 
small amounts of iron, copper, and other metals, and the inhibition by small 
quantities of cyanide. Warburg and Sakuma [1923] further found that 
metallic catalysis accounted for practically the whole oxidation of cysteine in 
air, and that cysteine purified from metals was almost, if not entirely, non- 
autoxidisable in neutral solutions; later, Harrison [1924] confirmed this. 

Harris [1922] investigated the complexes formed by cysteine with various 
metals and proposed a theory foi the catalysis in which, in the case of iron say, 
a ferrous-cysteine complex is first formed, this is oxidised by air to a coloured 
ferric-cysteine which in turn is rapidly reduced again to ferrous-cysteine at the 
expense of cysteine, which is thereby oxidised to cystine. Recently Michaelis 
[1929], from the results of a detailed study of metallic complexes of cysteine, 
especially a stable cobaltous-cysteine, has put forward a theory of the exact 
nature of these metallic complexes and their function in the catalytic oxidation. 

None of these authors, however, seems to have studied the kinetics of these 
catalytic oxidations except Mathews and Walker in observing the effect of 
hydrogen ion concentration. Dixon and Tunrdcliffe [1923] noticed the auto- 
catalytic nature of the aerobic and anaerobic oxidation of glutathione, cysteine, 
and thioglycollic acid, and showed that the disulphide group accelerates the 
rate of oxidation. This work appeared just before that of Warburg and Sakuma. 
Warburg and Sakuma’s findings made it seem possible that the acceleration 
produced by adding —SB— compounds might not be due to the —SS— itself 
but to catalytic metals in the —SS— preparation. Harrison [1927], however, 
confirmed Dixon and Tunnicliffe’s effect wdth metal-free preparations of 
disulphide compounds. This fact has not yet been very satisfactorily ac¬ 
counted for by a theory for the mechanism of the oxidation. 

The observations to be reported in this paper show that the aerobic 
oxidation of —SH groups, in the presence of metallic ions, does not seem to fit 
in with any simple theory of catalysis. 
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Experimental. 

The oxygen uptake curves were obtained, using the Barcroft differential 
manometer. The left-hand cups contained 3 cc. of water in all experiments, 
the right-hand cups containing a total of 3 cc. of the solution of which the 
oxygen uptake was being studied. All experiments were carried out at room 
temperature and at an initial p n of 7-3, except where otherwise stated. 

Cysteine. 

Effect of phosphate buffer. 

It was found that phosphate buffer solution has a large inhibiting effect 
on the velocity of oxygen uptake in presence of iron or copper. In Fig. 1 are 
shown the results of an experiment to illustrate this. The right-hand cups of 
four manometers each contained 8 mg. of cysteine hydrochloride at p H 7*3, 
two in M/20 phosphate buffer and two in water. To one aqueous solution and 
to one buffer solution, 0-1 cc. of a solution containing 0-05 mg. of CuS0 4 , bHgO 
per cc. was added, and to the other two, 0*05 cc. of a fresh solution containing 
0-5 mg. of FeS0 4 , 7H 2 0 per cc. 



Cu in water 
Fe in water 

Cu in buffer soln. 

Fe in buffer soln. 


Fig. !. Effect of phosphate buffer on oxygen uptake of cysteine solutions at p H 7 3 
in the presence of iron and copper. 


The extent of the effect of phosphate buffer does not appear to vary much 
with the concentration between M/20 and M/00 phosphate. 

As cysteine is quite an efficient buffer itself, most of the work was carried 
out using aqueous solutions of cysteine hydrochloride neutralised with N or 
N /10 sodium hydroxide to p n 7*3. If the manometer cups are treated with 
acid and well washed out, there is usually little or no change in p H at the end 
of the experiment, though the final liquid is occasionally slightly more alkaline 
than at first. 

Effect of cysteine concentration . 

.The velocity of oxygen uptake is dependent, not only on the amount of 
catalyst present, but also upon the amount of cysteine. This was not made 
clear by Warburg and Sakuma, although Krebs [1929] noticed it in the case of 
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haematin catalysis but not with pyridine-haematin or nicotine-haematin. That 
it is true in the case of copper and iron is shown in Figs. 2, 3 b } and 10. Fig. 2 
records experiments carried out before the effects of phosphate buffer 
and high concentrations of copper (see below) were known. It was obtained 
by using a phosphate buffer solution of cysteine at p u 7*3, to which copper 
solution was added. Different amounts of this mixture were put in the Bar- 
croft cups and all made up to 3 cc. with buffer solution: The copper present 
was therefore actually increased proportionately with the cysteine; but in all 
cases the copper exceeded the minimum amount to give maximum effect. The 
curves A , B, and C are the results of three experiments, the velocities of uptake 
obtained being plotted against the amount of cysteine present; points on 
curve B have twice as much, and on curve C four times as much copper 
present as the corresponding points on curve A. Thus it is seen that the velocity 
of uptake is here dependent on the amount of cysteine present (and not on the 
amount of copper). 



Fig. 2. Effect of cysteine concentration. Copper present in all in concentration more than 
sufficient to give maximum effect. Points on B have twice as much, points on C four times as 
much Cu as corresponding points on A . 


The shape of the uptake curve . 

There is also the curious fact that when the conditions are such that the 
velocity of uptake of 3 cc. is over about 400 mm. 3 0 2 per hour, the uptake 
cujve is almost invariably a straight line. That is, the velocity does not fall 
off as the unoxidised cysteine remaining in solution decreases, until it is com¬ 
pletely oxidised, though the angle of the curve depends on the amount of 
cysteine originally present. Thus, in rapidly oxidising solutions, the velocity 
of oxygen uptake is dependent on the initial concentration of cysteine, but not 
on the concentration at any instant. At lower velocities there is generally a 
continuous falling off in rate of oxygen usage as the oxidation proceeds. 
Figs. 6 a, 7 a, and 11 show these effects. 
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The uptake curve is not autocatalytic in shape, and Dixon and Tunni- 
cliffe [1923] considered this due to the insolubility of the disulphide form, 
cystine, which in separating out can have no effect on the course of the reaction. 
However, it has been noticed that at the end of the majority of the experiments, 
very little or no cystine had precipitated, and the precipitate developed 
slowly. 

It was thought possible that the proportionality of reaction velocity to the 
initial concentration of cysteine might be explained by presuming that the 
cysteine hydrochloride used might contain a second substance which acted 
in a complementary way towards the metal as catalyst. But this could not be 
proved, though the following experiments were carried out to test it. 

Various pure specimens of cysteine hydrochloride, including Kahlbaum’s 
“Warburg” cysteine hydrochloride, were tried and found to give the same 
results. A sample of cysteine was purified by precipitation as the cuprous 
compound in the manner described by Hopkins [1929] for the separation of 
glutathione. 60 mg. of cysteine hydrochloride, thus purified and recrystallised 
from pure HC1 solution, were made up to 15 cc. at p H 7-3 with water and 
A/lONaOH. Two Barcroft cups received 1-5 cc. of this ( i.e . 6 mg. cysteine 
hydrochloride) and 1*5 cc. water, and two received 3 cc. of the solution. To 
one of each was added 0-033 cc. of a fresh solution containing 0-5 mg. FeS0 4 , 
7H 2 0 per cc., and to each of the others 0-1 cc. of a solution containing 1 mg. 
per cc. The initial velocities of 0 2 uptake obtained with these are plotted in 
Fig. 3 a against the amount of iron present, and in Fig. 3 b against the cysteine- 
HOl content. 



Effects of changing iron and cysteine concentrations on the velocity of O a uptake. 

It is seen that this behaved in the usual way, the velocity of 0 2 uptake being 
proportional both to the cysteine and the iron present. The other samples of 
cysteine were all tested in this manner, similar curves being obtained if small 
amounts of copper were used instead of iron. A sample of optically inactive 
cysteine hydrochloride (obtained by boiling cystine in acid for a long time, and 
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then reducing), kindly given me by Messrs N. W. Pirie and A. Leese, gave the 
same results. As the addition of sodium chloride had no effect on the course 
of the reaction, the chloride and sodium ions present in neutralised cysteine 
hydrochloride solutions evidently have no effect. An attempt was made to 
concentrate the possible catalytic complement in the following way. 0*25 g. 
of cysteine hydrochloride was made up to 20 ce. at p n 7*3 in water. A small 
amount of copper (0-1 cc. of a solution containing 0-5 mg. CuS0 4 , 5H 2 0 per 
cc.) was added and the liquid aerated until completely oxidised, and then 
concentrated by distillation in vacuo to 4 cc. and filtered. (A separate bulk 
experiment with ten times the quantities but the same proportions showed 
that only about one-third of the copper remained in the filtrate, the rest being 
in the cystine precipitate.) Portions of this extract were added to solutions of 
cysteine containing copper or iron, but no acceleration of the oxygen usage was 
observed. 



Fig. 4 a. Effect of adding extra Fig. 4 b. Effect of adding extra 
cysteine during oxidation in cysteine during oxidation in 
presence of iron. presence of copper. 

The effect of cysteine concentration was further studied by adding extra 
cysteine during the course of the oxidation, and when the oxidation was com¬ 
plete. The right-hand cups of two manometers contained respectively 2 cc. 
and 2-5 cc. of water, and each received 0-5 cc. of an aqueous solution con¬ 
taining 6 mg. of cysteine-HCl at p n 7-4. In the first an extra 0-5 cc. of this 
solution was contained in a small tube suspended from the potash tube in the 
middle of the cup in the manner described by Keilin [1929]. To each cup was 
added 0-05 cc. of a fresh solution containing 0-2 mg. FeS0 4 , 7H z O per cc. The 
oxygen uptakes obtained with these are shown in Fig. 4 a. At the point marked 
with an arrow, the one manometer was tapped so that the extra cysteine in 
the “Keilin tube” was added to the solution. Fig. 4 b was obtained in the 
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same way, but the 0*5 cc. cysteine solution contained 8 mg, cysteine-HCl, and 
0*1 cc. of a solution containing 0*5 mg. CuS0 4 , 5H a O replaced the iron solution. 

It is seen that on adding fresh cysteine solution to a solution in which 
cysteine has been partly oxidised in the presence of iron or copper, the oxygen 
uptake velocity increases, the new velocity of uptake being about what would 
be expected from the sum of the two amounts of cysteine. 

Next, a manometer was set up having in the right-hand cup 1 cc. of an 
aqueous solution containing 4 mg. cysteine-HCl at p H 7*3, and 0*05 cc. of a 
solution of 0-5 mg. FeS0 4 , 7H 2 0 per cc. It was shaken until the oxygen uptake 
had ceased. Then a further 1 cc. of the cysteine solution was added and the 0 2 
uptake observed. A second manometer contained in its right-hand cup, 2 cc. 
H s O, 1 cc. of the cysteine solution and the same amount of iron as before, and 
its 0 2 uptake was compared with the first. The uptake curves obtained are 
shown in Fig. 5 a, and it is seen that the presence of oxidised cysteine in the 
first manometer has practically no effect on the 0 2 uptake. 


150 r 150, 



Fig. 5 a. Effect of the presence Fig. 5 6. Effect of the presence 
of previously oxidised cysteine of previously oxidised cysteine 

on the oxidation of fresh cysteine. on the oxidation of fresh cysteine. 

Iron catalyst. Copper catalyst. 

Fig. 5 b shows the result of a similar experiment to the above, except that 
the iron solution was replaced by 0*1 cc. of a solution containing 1 mg. 
CuS0 4 , 5H 2 0 per cc. Here it is seen that in the presence of oxidised cysteine, 
the rate of 0 2 uptake is about what would be expected if the whole of the 
cysteine had been added at once. 

Thus in the presence of iron and completely oxidised cysteine, addition of 
fresh cysteine causes oxygen uptake to recommence at a velocity to be ex¬ 
pected from the fresh cysteine alone, but with copper, the velocity is again 
what would be expected from the sum of the oxidised and fresh cysteine. This 
result has been repeatedly obtained. 

Concentration of catalyst . 

Harrison [1924] showed that the velocity of oxygen uptake of cysteine in 
the presence of iron is proportional to the amount of iron present up to a con¬ 
centration of 1-6 x 10” 3 mg. of iron in 3 cc. The following experiment was made 
in order to see whether there was a limit to this proportionality. The right-hand 
cups of four manometers each contained 8 mg. cysteine-HCl in 3 cc. water at 
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PS 7*3, and they received respectively the following amounts of iron: 0*1 cc. 
of a solution containing 0-05 mg. FeS0 4 , 7H 2 0 per cc.; 0*03 cc. of 0*5 mg. per 
cc.; 0-1 cc. of 1 mg. per cc.; and 0*5 cc. of 5 mg. per cc. The uptake curves 
obtained with these increasing amounts of iron are shown in Fig. 6 a, and in 
Fig. 6 b the velocities of 0 2 uptake are plotted against the amounts of iron. 

It is thus seen that the velocity of oxygen uptake is proportional to the 
amount of iron at least up to a concentration of iron of 0*05 mg. per cc. 

With copper the case is very different. Up to a certain small concentration, 
the uptake velocity is proportional to the copper, but at higher copper con¬ 
centrations the velocity/copper curve falls off sharply, becoming horizontal, 
and any further increase in copper concentration causes no further increase in 
reaction velocity. In unbuffered solutions a very large amount of copper added 
actually causes the velocity to decrease again slightly. This decrease is, how¬ 
ever, explained by the fact that on adding a fair amount of copper sulphate, an 
insoluble Cu-cysteine precipitate is formed, leaving H 2 S0 4 in solution so that 
the p n is lowered. Smaller additions of copper sulphate cause no appreciable 
change in p H . 



Fig. 6 a. Oxygen uptake curves given by 
8 mg. cysteine hydrochloride in water at 
p n 7*3 in presence of: 

(^4) 0*0011 mg. Fe, (B) 0 0033 mg. Fe, 

(C) 0*022 mg. Fe, (D) 0*054 mg. Fe. 



mg. Fe present 

Fig. 6 ft 1 . Effect of increasing iron on the 
velocity of oxidation of 8 mg. cysteine 
hydrochloride at p u 7*3. 


The following is a typical experiment illustrating this effect. The right-hand 
cups of eight manometers, each containing 8 mg. of cysteine hydrochloride in 
3 cc. water at p H 7*3, received amounts of copper increasing from 0*05 cc. of 
a solution containing 0*05 mg. CuS0 4 , 5H 2 0 per cc., to 0*2 cc. of a solution 
containing 1 mg. CuS0 4 , 5H 2 0 per cc., and a ninth received no added metal. 
The uptake curves given by these are shown in Fig. 7 a, and Fig. 7 6 is ob¬ 
tained by plotting initial velocities against copper present. 

The failure of the velocity of 0 2 uptake to increase with copper concentra¬ 
tion cannot be explained by oxygen lack in the liquid, as with iron, and in 

: The upper points on this curve should actually be higher, as the rate of shaking during 
the experiment was afterwards found not to be sufficiently great to eliminate all diffusion effect 
at these high velocities. 
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other experiments shown, much higher velocities were obtained under the 
same conditions of temperature and rate of shaking. 

This minimal concentration of copper for maximal effect is not greatly 
affected by temperature, change in cysteine concentration or oxygen tension, 
the presence or absence of phosphate buffer, by increasing the liquid-glass 
surface by the introduction of glass beads, or by change of hydrogen ion 
concentration between p n 6 and 8. 



Fig. 7 a. Oxygon uptake ourvee given by 8 mg. cysteine hydrochloride in water 
at Pn 7-3 in presence of: 


-o- 

0-00064 mg. Cu. 

-_ x - 

0-00128 mg. Cu. 

-A- 

0 0042 mg: Cu. 

- Q - 

0-017 mg. Cu. 

-O- 

0-0038 mg. Cu. 

-x- 

0-0128 mg. Cu. 

- A - 

-•- 

0 0256 mg. Cu. 

No added metal. 

-□- 

0-051 mg. Cu. 



Fig. 76. Effect of increasing amounts of copper on the velocity of oxidation 
of 8 mg. cysteine hydrochloride at p u 7-3. 

In Fig. 8 is given a series of curves obtained under various conditions, which 
show the effect of increasing copper concentration. 

A converse effect with copper occurs in high concentrations of cysteine 
with low copper. If increasing amounts of cysteine are put up with a constant 
very small amount of copper, the oxygen uptake velocities are at first pro¬ 
portional to the amount of cysteine, and then a further increase in cysteine 
concentration causes scarcely any increase in uptake velocity. If now the 
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copper is increased, the proportionality to cysteine continues to a higher level 
before ceasing. Fig. 9 illustrates these observations, and it was obtained in 
the following manner. A solution of 250 mg. cysteine-HCl in 15 cc. water at 
jPu 7-3 was made up, and the right-hand cups of four manometers received 
respectively 3 cc., 2*2 cc., 1*2 cc., and 0*4 cc. of this. The volume in each was 
made up to 3 cc. with water, and to each was added 0*05 cc. of a solution con¬ 
taining 0*05 mg. CuS0 4 , 5H 2 0 per cc. The initial velocities of 0 2 uptake 
obtained from these are shown in the lower curve in Fig. 9, plotted against the 
amount of cysteine-HCl present. The upper curve is the result of an exactly 
similar experiment, using just double the amount of copper solution. 



Fig. 8. Effect, of increasing amounts of copper on the velocity o* oxidation 
of cysteine under various conditions. 



Fig. 9. Effect of high concentration of cysteine 
on the velocity of oxygen uptake in pres¬ 
ence of very small amounts of copper. 



Fig. 10. Effect of high cysteine concentration 
on the velocity of oxygen uptake in pres¬ 
ence of a small amount of iron- 
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In the case of iron catalysis, in the presence of a very small amount of iron, 
the uptake velocity with large amounts of cysteine remains proportional to 
the cysteine as seen in Fig. 10, which was obtained in the same way as Fig. 9, 
the copper solution being replaced by 0*1 cc. of a solution containing 0*05 mg. 
FeS0 4> 7H E 0 percc. 

Oxygen tension. 

The right-hand cups of four manometers, A, B, C, and D, each contained 
10 mg. cysteine-HCl in 2*5 cc. water at p n 7*3. “ Keilin tubes ” were suspended 
in all, those in A and C each holding 0*05 cc. of a solution containing 0*5 mg. 
FeS0 4 , 7H 2 0 per cc., plus 0*5 cc. W'ater, and those in B and D having 0*1 cc. 
of a solution containing 0*05 mg. CuS0 4 , 5H 2 0 per cc., plus 0*5 cc. water. 
C and D were evacuated and filled with oxygen at atmospheric pressure. The 
oxygen uptake in all was noted, and after 21 minutes all were tapped so that 
the iron and copper solutions became mixed with the cysteine, and the new 
uptakes were observed. The results of this experiment, which are seen in 
Fig. 11, show that increasing the oxygen tension causes a very considerable 
increase in the rate of cysteine oxidation in the presence of either iron or copper, 
though the velocity does not appear to be proportional to the partial pressure 
of the oxygen in the gas. Similar results were obtained by Krebs [1929] with 
haematin or nicotine-kaematin as catalyst. 



Time minutes 

Fig. 11. Effect of increased oxygen tension on the velocity of oxygen uptake of cysteine in 
presence of iron and copper. Cu or Fe solutions added 22 minutes from start. 


Thioglycollic ACID. 

The acid used for these experiments was distilled in vacuo , using vessels 
that had been previously well boiled out with pure hydrochloric acid solution. 
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Phosphate buffer. 

Phosphate buffer has a considerable inhibiting effect on the velocity of 
oxidation, which does not vary much between phosphate concentrations of 
M/20 and M/60 . But, since thioglycollic acid has no buffering properties, it 
was necessary to use the buffer solution, as without it the solutions became 
acid on oxidation. 

Oxygen uptake curve . 

With thioglycollic acid the autocatalytic acceleration, noted by Dixon and 
Tunnicliffe, is obtained, but, as with cysteine at high velocities of uptake, the 
velocity does not fall off until oxidation is complete (see Fig. 12). In the case 
of copper catalysis the initial velocity of uptake depends under the usual 
conditions on the amount of thioglycollic acid present. With iron this is 
possibly masked by another phenomenon described in the next section. 



Pig. 12. Oxygen uptake curves given by 3*5 nig. thioglycollic acid in Mj 60 
phosphate buffer at p H 7-3 in presence of: 

(A) 0*0054 mg. Fe. (H) 0*0.11 mg. Fe. (C) 0*022 mg. Fe. 

(i>) 0*044 mg. Fe. (IS) No added metal. 

Concentration of catalyst . 

When iron is the catalyst, the behaviour of thioglycollic acid is very 
different from that of cysteine. In this case we have a type of auto-inhibition, 
the catalyst is largely inactivated by excess of thioglycollic acid. The following 
experiments show this. 280 mg. thioglycollic acid were made up to 80 cc. at 
Pn 7*3 with Mj 20 phosphate buffer solution. The right-hand cups of four 
manometers each received 1 cc. of this and 2 cc. of water, and the following 
different amounts of iron were added: 0*05 cc. of a solution containing 0*5 mg. 
FeS0 4 , 7H 2 0 per cc.; 0*1 cc. of the same; 0*1 cc. of a solution of double that 
strength; and 0*2 cc. of the second solution. A control was also run containing 
no added metal. Fig. 12 gives the uptake curves thus obtained. 

The upper curve in Fig. 13 was obtained by plotting the velocities of 0 2 
uptake, given by the above experiment, against the iron concentration. The 
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two lower curves in Fig. 13 were obtained in a similar way, the one being the 
result of using 3 cc. of the same thioglycollic solution (and no water), and the 
other using 3 cc. of a thioglycollic acid solution of the same strength but only 
one-third the concentration of phosphate buffer. 

It is seen that the first additions of iron cause very little increase in velocity, 
but after a certain concentration of iron is reached, the velocity increases 
rapidly, and the increase is proportional to the extra iron added. Where the 
thioglycollic acid is present in three times the strength, it is seen that not only 
is more iron required before its effect is appreciable, but also the velocity never 
increases, with increasing iron, at such a rate as in the case of the weaker 
solution. Velocity/iron curves of the same type, for the two different concen¬ 
trations of thioglycollic acid, were obtained by using neutral water solutions 
without buffer; the velocities obtained were all considerably higher but the 
shapes of the curves were exactly the same as in the presence of phosphate 
buffer. 



mg. Fe 

Fig. 13. Effect of increasing amounts of iron on the velocity of oxygen uptake 
of thioglycollic acid solutions at pu 7-3. 


It was thought that this inhibition might possibly be due to the presence 
of H 2 S in the distilled thioglycollic acid, but it was actually found that with 
thioglycollic acid and iron, some acceleration of the reaction was produced by 
adding small quantities of Na 2 S solution (though the p B was not affected). 
Krebs [1929] has found the same thing with cysteine oxidation in presence of 
iron or nicotine-haematin. 

With thioglycollic acid, similar curves of copper concentration against 
velocity of 0 2 uptake are obtained as with cysteine; i.e, a concentration of 
copper is reached when further addition of copper gives no increase in velocity. 
The minimum copper for maximum effect is just about the same as for cysteine. 
This is seen in Fig. 14, which was given by the following experiment. 280 mg. 
of thioglycollic acid were made up to 80 cc. at p R 7*3 with M/60 phosphate 
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buffer solution. The right-hand cups of four manometers each received 1 cc. 
of this and 2 cc. of M/60 buffer. To the cups were added the following amounts 
of copper: 0*1 cc. of a solution containing 0*05 mg. CuS0 4 ,5H 2 0 per cc.; 
0*2 cc. of the same; 0-1 cc. of a solution containing 0*25 mg. per cc.; and 
0-2 cc. of a solution containing 0-5 mg. per cc. The lower curve in Fig. 14 shows 
the velocities of 0 2 uptake obtained, plotted against the amount of copper 
present. The upper curve is the result of a similar experiment in which 3 cc. 
of the thioglycollic acid solution were used. 

It will be noticed that in the curve obtained for the higher concentration 
of thioglycollic acid, the velocity corresponding to a very low copper concen¬ 
tration falls very low. This low point could be repeatedly obtained and corre¬ 
sponds with either the low oxygen uptake of excess of cysteine in presence 
of low copper (Fig. 9), or the auto-inhibition of thioglycollic acid on the 
oxidation with iron as catalyst. 



ITig. 14. Effect of increasing amounts of copper on the velocity of oxygen 
uptake of thioglycollic acid solutions at 7-3. 


Complexes of thioglycollic acid with ivon ccud coppet . 

Harris [1922] described the complexes formed between cysteine and iron, 
copper, and other metals, and Hopkins [1929] described the cuprous compound 
of glutathione. Thioglycollic acid forms a similar series of complexes. The 
cuprous compound formed with cuprous oxide is white and resembles those 
of glutathione and cysteine in being readily soluble in strong HC1 or in alkaline 
solution but insoluble in neutral or H 2 S0 4 solution. On adding cupric sulphate 
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to a neutral thioglycollic acid solution, a brown precipitate is momentarily 
formed and disappears immediately; this is probably a cupric thioglycollic 
acid compound, which is rapidly reduced to the cuprous compound, and 
corresponds to the blue-black momentary precipitate noticed in the case of 
cysteine. 

On adding an iron salt to neutral thioglycollic acid solutions, a purple 
colour appears which is presumably the ferric complex of thioglycollic acid, 
as it fades on standing and reappears on aerating, thus corresponding to the 
violet colour obtained with cysteine. But here there is a noteworthy deviation 
from correspondence with cysteine. Whereas, as Harris showed, the rate of 
disappearance of the violet ferric cysteine colour varies directly with the con¬ 
centration of cysteine, the rate of disappearance of the purple ferric thio¬ 
glycollic compound is retarded very greatly by increasing the concentration 
of thioglycollic acid. This fits in with the observation mentioned above, that 
the aerobic oxidation of thioglycollic acid in the presence of iron is retarded 
by increasing thioglycollic acid concentration. 


Discussion. 

The results reported in this paper show that the oxidation of sulphvdryl 
compounds in presence of metals is not to be accounted for on any classical 
theory of catalysis. It has been found possible to make a fairly simple hypo¬ 
thesis, involving only principal valencies, which will fit the facts more or less 
satisfactorily; but considering Michaelis’s [1929] view of the complex nature 
of the metallo-cysteine compounds, it would be unwise to suggest more than 
one or two of the main ideas on which the hypothesis is based. 

It is somewhat difficult to decide what kinetic relations Michaelis’s series 
of reactions would imply, but they do not seem to suggest the facts mentioned 
in this paper; namely, that the velocity of oxygen uptake of a given volume 
of solution should be proportional to the amount of metal present, and to the 
initial concentration of cysteine at high velocities, and also dependent on the 
oxygen tension. 

It is tentatively suggested that the active catalyst may be considered to 
be not merely the metallic ion, but a reversible monomolecular combination 
between the metal and cysteine or cystine. This complex is then alternately 
oxidised by 0 2 to the ferric state and reduced by cysteine back to the ferrous 
state as Harris [1922] showed. If the reduction process at p H 7*3 is very rapid 
compared with the oxidation process, then the oxidation process would limit 
the reaction, and the velocity of oxygen uptake should be dependent on the 
O a tension, and on the amount of catalytic complex, which in turn, as it is 
reversibly formed, is proportional to both the iron and [cysteine 4 - cystine] 
concentrations. As oxidation proceeds and cysteine is replaced by cystine, the 
amount of catalyst remains constant and the velocity does not fall until nearly 
all the cysteine has disappeared. 
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Making no assumptions as 
represented as follows: 


to the type of valencies, the system may be 


Fe* * 4* 

II 


l Cysteine 
J and 
j cystine 


(Cysteine f Cysteine 

Cysteine + Fe * * * -I or - >■ Fe*' -j or -f cystine 

( cystine I cystine 

__ ^2 

A similar mechanism is suggested for copper catalysis. The metal-cysteine 
compounds might be formed by co-ordinate valencies, or they might be 
carboxylic salts, but could not, on this hypothesis, depend on the —SH group 
if they are to be formed with equal facility by the oxidised and the reduced 
forms. 

The hypothesis requires that the cystine should not be removed by pre¬ 
cipitation, and it has been noticed that at the end of the majority of experi¬ 
ments, there was either very little or no precipitate visible, but that it appeared 
in considerable amount after some time. This precipitation might therefore 
account for the falling off of the velocity in experiments in which the oxidation 
was proceeding more slowly. 

The fact that, after a certain concentration is reached, the addition of 
further copper has no effect on the velocity of reaction may be due to the 
insolubility of copper compounds of cysteine or cystine and thioglycollic acid. 
A method for estimating cystine is actually based on this insolubility [Harris, 
1923]. 

When the copper concentration was very low, it was observed that a con¬ 
centration of cysteine was reached, after which further additions of cysteine 
caused very little increase in the rate of oxygen usage (Fig. 9). It is possible 
that the reaction between copper and cysteine, to give the catalytic complex, 
may have its equilibrium very much in favour of the catalytic complex, and 
in high cysteine concentration and very low copper practically all the copper 
may be used up, increase of cysteine then producing very little more of the 
catatytic complex. 

To attempt to explain the p B curve of Mathews and Walker, and the other 
phenomena observed in this paper, on this hypothesis might be carrying 
speculation too far. Such ideas as a tendency to hydrolysis of the metallo- 
complex in acid solutions, and formation of inactive salts in alkaline solutions, 
combination of phosphate, in phosphate buffer, with the metal or complex to 
give inactive substances, and different degrees of stability of the complex in 
solution to explain the different effects of previously oxidised cysteine in the 
cases of iron and copper, might be put forward in the absence of an explanation 
based on direct evidence. 

A similar hypothesis might be applied to the case of thioglycollic acid 
oxidatioii; the auto-inhibitory effect of higher concentrations of thioglycollic 
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acid with iron could possibly be explained by the formation of an inactive 
metallic complex containing more molecules of thioglycollic acid than the 
active catalyst. 

The hypothesis readily explains the catalytic effect of added disulphide 
compounds; the autocatalytic effect, which has been observed by other 
authors, is not noticeable in cysteine oxidation at p H 7*3, but appears to some 
extent in thioglycollic acid oxidation; it can only be explained on this hypo¬ 
thesis by the assumption that the catalytic metallic complex is more readily 
formed with a disulphide acid than with a sulphydryl acid. 

Since this work was done, a paper has appeared by Cannan and Richardson 
[1929] on other aspects of the same subject. They have also put forward certain 
hypotheses for the mechanism of sulphydryl oxidation; but it is unfortunate 
that these have been generalised from a study of the complexes of thioglycollic 
acid w r ith iron, since it has been shown above (see Fig. 13 and the section on 
metallic complexes) that thioglycollic acid and iron behave in an anomalous 
way. 

Summary. 

1. The rate of oxidation of cysteine at p n 7*3 is proportional to the amount 
of iron present up to the highest concentration tried. 

2. It is proportional to the amount of copper present up to a certain small 
concentration. Further increase of copper, provided it does not affect the p u , 
causes no effect. This minimal concentration of copper, giving maximal effect, 
does not appear to be greatly affected by change in temperature, oxygen 
tension, p H , cysteine concentration, or by the presence of phosphate buffer or 
increased liquid-glass interface. 

3. The velocity of oxygen uptake is also proportional to the amount of 
cysteine originally present. 

4. The oxygen uptake curve is linear ’when the velocity of uptake is fairly 
rapid; it tends to fall off when the reaction is not so rapid. 

5. In presence of very low concentrations of copper, a concentration of 
cysteine can be reached beyond which further additions of cysteine cause only 
slight increase in velocity. 

6. Addition of an extra amount of cysteine during the course of the oxida¬ 
tion of cysteine, causes the velocity to increase to the rate that would be ex¬ 
pected if both amounts of cysteine had been added at first, in the case of both 
iron and copper catalysis. If, however, the extra cysteine is added when the 
oxidation of the first lot is complete, the 0 2 uptake recommences, when copper 
is the catalyst, at a rate to be expected from the total cysteine, while, in the 
case of iron, the new velocity is only what would be expected from the fresh 
cysteine. 

7. The velocity of oxidation in presence of iron or copper is increased by 
increasing the oxygen tension. 

8. The velocity of oxygen uptake in presence of iron or copper is decreased 
by the presence of phosphate buffer. 
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9. Thioglycollic acid in solution at p H 7*3 shows similar behaviour to the 
above, except that: 

(a) the velocity of 0 2 uptake in the presence of iron is very low up to a 
certain concentration of iron, and thereafter increases rapidly in proportion 
to the amount of extra iron added; 

(b) higher concentration of thioglycollic acid decreases the rate of oxygen 
uptake in the presence of iron. 

10. A resume of the behaviour of complexes of iron and copper with 
thioglycollic acid is given. 

11. The above phenomena are discussed in relation to the type of hypo¬ 
thesis that may be necessary to correlate them. 

I wish to thank Dr M. Dixon for his encouragement and criticism. 
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A previous investigation gave the variations in the chemical composition of 
normal human colostrum and early milk [Lowenfeld, Widdows, Bond and Taylor, 
1927]. This work has now been extended to a study of the composition of milk 
secreted after the first month of lactation with the view not only of comparing 
the relative quantities of the constituents at the different stages of lactation, 
but also of comparing the relative quantities of these substances at the same 
stage of lactation. The material for this work has been obtained from the 
children’s department of the Royal Free Hospital, Shoreditch Carnegie 
Welfare Settlement and from the Motheroraft Training Society, Cromwell 
House, Highgate. 

In the case of the analyses of the later milk it has not been found possible 
to deal with individual women over the whole course of the observations as 
was done in the work on early milk, although in some cases it has been managed 
over two or three months. By studying the composition of the milk of as large 
a number of women as possible it was thought that to a large extent individual 
differences would be eliminated and some generalisations indicated. 

Altogether 51 women have been studied, and of these 34 paid single, 12 
double and 5 triple visits to the Hospital. 

The constituents of the milk investigated are sugar, protein, fat, calcium, 
phosphorus and ash. The methods employed in the estimation of t hese substances 
were the same as those for early milk. The number of estimations of each 
constituent has varied between 50 and 60. The method of extracting the milk 
was either by means of the breast pump or digital expression. The method of 
extraction is only of importance in dealing with the percentages of fat. also it 
was only in the estimation of the fat that separate estimations were made on 
the milk extracted before and after the baby had fed. The earlier work showed 
that in the case of the other constituents the differences in the fore and after 
milk were slight and of no particular significance. Therefore in this work, except 
in the case of the fat, the estimations were done on the mixed fore and after 
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milk. The phosphorus, which was not studied in the earlier work, has been 
estimated by the Martland and Robison [1924] modification, of the Bell-Doisy 
[1920] and Briggs [1922] method, using Merck’s perhydrol as suggested by 
them and Briggs for the final oxidation of the material for the total phosphorus 
present. 

In considering the results of this work the calcium and phosphorus figures 
will first be considered separately and then their relationship to the ash and 
to one another. 

The significance of the nitrogen and sugar results will also be dealt with, 
but the fat results will be left to another communication. 

Calcium. 

The calcium content of the milk of 51 women at all stages in the course of 
lactation has been determined with a view to ascertaining what variations 
exist, and whether, if there is variation, the variation follows anv general rule. 
It has been emphasised by us [1927] and also by Hunnaeus [1909] that the 
individual differences in the calcium content of milk are much greater than 
the variations from day to day in any one individual. Samples of milk have 
been analysed, extending from the first to the tenth month of lactation, and the 
individual variation has again been found to be large, varying from 0-030 to 
0-075 g. per 100 cc. of milk. 

As our former work showed that the variations in calcium expressed them¬ 
selves slowly, with the exception of the first month, the averages have been 
taken over a range of four months. The results of our work are shown on 
the left of Table I. 

Table I. 



Average CaO 



Average CaO 


No. of 

(g. per 100 ce. 

Period of 

S No. of 

(g. per 100 cc. 

Period of 

samples 

of milk) 

lactation 

samples 

of milk) 

lactation 

101 

0-0466 

1~2 weeks 

101 

0-0466 

1- 2 weeks 

3 

0-0499 

3-4 weeks 

3 

0-0499 

3-4 weeks 

3.3 

0-0563 

2-4 months 

15 

0*057 

2 months 

17 

0-0499 

5--10 months 

17 

0-0558 

3-4 months 




10 

0-0521 

5-7 months 




8 

0-0468 

7 -10 months 


These results show that the calcium content of the milk is lowest for the 
first two weeks of lactation, rising gradually to a maximum during the first 
four months, maintaining a fair level after the fourth month, but slowly 
decreasing. The same result is shown if our numbers are taken over rather 
shorter intervals of time, as shown on the right of Table I, indicating that the 
maximum lies between the end of the second and the beginning of the third 
month. 

Among the earlier workers on this subject Hunnaeus [1909], Schloss [1911], 
Bahrdt and Edelstein [1910] all agree that the calcium in the milk decreases 
slowly with the course of lactation. 
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Bahrdt and Edelstein, while emphasising the high individual differences 
in the percentage of calcium in milk, concluded that their work showed this 
gradual decrease. Schloss alone mentions that he found the CaO less during 
the first week of lactation. The reason why the gradual increase from the first 
two weeks of lactation to a maximum at the end of the fourth month has not 
so far been emphasised is probably the fact that in many of the results 
recorded there are no samples taken until after the first month of lactation. 

Table II gives a comparison of our results with those of other workers on 
milk. The figures of the latter have been averaged over the same periods. 


Table II. 


Authors Holt 


Period 


... 

Mean 

i 

— —^ 
Mean 

of laeta- 

No. of 

value 

No. of 

value 

tion samples 

CaO 

samples 

CaO 

First 2 
weeks 

101 

0 0466 

5 

0-0444 

3-4 

weeks 

2 

0-0499 

6 

0-0406 

2 4 

months 

(end) 

33 

00563 

9 

0-0483 

5-10 

months 

(end) 

17 

0-0499 

8 

4-9 

months 

0-0453 

10-20 

months 

' 

" 

10 

0-0388 

Total no. 
of samples 

152 


38 

— 


De Buys and 

Telfer von Meysenburg [1924] 



Mean 

Period 


Mean 

No. of 

value 

of lacta¬ 

No. of 

value 

samples 

CaO 

tion 

samples 

CaO 

5 

0*0398 

— 


— 

4 

0-0407 




with 

rachitics 





5 

0-0422 




9 

0-0466 

1-3 

30 

0-0435 

with 

rachitics 


months 



18 

00477 




5 

0-0472 

4-7 

28 

0*0392 

with 

rachitics 


months 



7 

0-0474 




12-13 


8-12 

12 

0-0367 

months 


months 



1 

0-048 




with 

rachitics 





4 

0-044 




24 or 39 

— 


70 



All these results show the same trend to a lower calcium value in the earlier 
months, gradually rising to about the end of the fourth month and then slowly 
sinking. Our values differ from those of the other workers in being slightly 
higher in value, the average value for the interval during 2 -4 months being 
raised by several individual cases with a value 0*0(> and there being no very 
low values. Some of the individual cases of the other workers are high, but 
their average is lower. 

The explanation of the gradual rise in the percentage of calcium in the 
milk from the first week to the beginning of the third month and the gradual 
fall in the later months must be related to the physiological needs of the child. 

During the first days after birth it must necessarily be trying to accom¬ 
modate itself to its new environment and it is general that during the first 
week of life the weight of the child should decrease from that at birth. During 
this time it will need the minimum amount of calcium. As growth proceeds, 
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according to the figures of Feldman [1927], the amount of milk taken per day 
increases from 300 cc. during the first week to 1000 cc. by the end of the sixth 
month. The increase in intake, however, is not uniform for each month. During 
the first month the intake rises from 300 cc. to 600 cc. per day, during the 
second month the average increase on the day’s intake is 250 cc., during the 
third month the intake remains the same, and from the third to the sixth 
month the average rise is 50 cc. on the day’s intake per month. 

Table III shows the relationship between the volumes of milk and its 
calcium oxide content taken per day at the different periods of lactation. 





Table III. 





Period 

1-2 

weeks 

3-4 

weeks 

2 

months 

3 

months 

4 

months 

5-7 

months 

8-10 

months 

Average CaO (g. per 
100 cc.) 

0*0460 

0-0499 

0*0570 

0*056 

0 055 

0*0521 

0-0468 

Average volume of 
milk intake per day 
(cc.) 

300 

600 

850 

850 

900 

950 

(5 months) 
1000 

(6 months) 


Total intake of CaO 
per day (g.) 

0*1398 

0*2994 

0*4845 

0*476 

0*495 

0*495 

(5 months) 
0*521 

(6 months) 



This comparison shows that the gradual rise in percentage of CaO up to its 
maximum at the end of the second month coincides with the time when the 
baby is increasing its intake of milk by the largest average daily increase and 
presumably growing correspondingly fast. During the third month the intake 
of milk and the percentage of calcium remain practically constant. The gradual 
decrease in the percentage of CaO after the third month is counterbalanced 
by the continued increase in the intake of milk, so that the total intake of CaO 
during the first six months shows a gradually increasing value. The gradual 
decrease in the percentage of calcium will be balanced in the later months by 
the supplementary foods that the child will take about the age of six months. 

Phosphorus. 

The estimations of phosphorus were made on the same samples of milk as 
were used for the calcium estimations. As no phosphorus estimations were 
originally made on early milk a separate series of experiments was carried out 
on the milk from 16 different women for this period. At present the phos¬ 
phorus content of the milk of one individual has not been estimated over any 
consecutive length of time, but the cases so far examined on consecutive days 
or within a short period seem to indicate that as in the case of the calcium 
probably the individual differences in the phosphorus content are greater than 
those occurring in the samples of milk of the same individual. The same range 
of periods has been taken in averaging the percentage of phosphorus as in the 
case of calcium. 

The results are shown on the left of Table IV. 
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Table IV. 



Average P 2 0 6 



Average P 2 0 5 


No. of 

(g. per 100 cc. 

Period of 

No. of 

(g. per 100 cc. 

Period of 

samples 

of milk) 

lactation 

samples 

of milk) 

lactation 

14 

00364 

6t.h-14th day 

14 

00364 

6th-14th day 

4 

0*0387 

3-4 weeks 

4 

0*0387 

3-4 weeks 

37 

0*0412 

2-4 months 

16 

0*423 

2 months 

IS 

0 0410 

5-10 months 

21 

0*0404 

3-4 months 




9 

0*0402 

5-7 months 




9 

00417 

8-10 months 


The percentages of P 2 0 5 in the milk seem to run parallel with those of the 
calcium oxide. During the first two weeks of lactation the percentage of 
phosphoric acid is at its lowest. It then rises slowly up to the end of the fourth 
month when it remains practically constant up to the tenth month with a very 
slight tendency to decline. The variations in the percentage of phosphorus are 
not so marked as in the case of calcium. 

When the above results are set out over shorter intervals of time, as shown 
on the right of Table IV, it is seen that the maximum percentage for phos¬ 
phorus falls, as in the case of calcium, between the second and third months of 
lactation. 

The percentage of phosphorus in milk, unlike that of the calcium which 
slowly decreases, remains almost constant after the fourth month. This may 
be due to the fact that, although the needs of the child for calcium and phos¬ 
phorus for bone formation run parallel, it is probable that the demand for 
phosphorus for the growth of the soft tissues exceeds that for calcium. 

The constancy shown by the percentage of calcium during the second and 
third month of lactation, when the intake of milk by the child remains con¬ 
stant, is not shown in the case of phosphorus. It is found that 0*0386 is the 
percentage of P 2 0 6 for the third month as compared with that of 0*0423 for 
the second. 

This work emphasises a point which Bahrdt and Edelstein [1910] also 
emphasised, viz. that it is only by comparing over long periods that any general 
tendency to decrease or increase can be observed. 

Schloss [1911] showed, as we have done, a gradual increase in the percentage 
of phosphorus from the second week up to the third month of lactation, 
followed by a fall and rise but gradually decreasing to the eleventh month. 

Teller’s [1924] results, on the other hand, agree in that they show a gradual 
rise to a maximum after the first two weeks and then a gradual decrease. His 
maximum, however, falls later, between the fifth and seventh months, and 
during the first two weeks his average is higher than at any other time. This 
may be due to the fact that it is only in the case of country women that the 
figures for early milk are recorded, and Telfer has pointed out that the per¬ 
centage of phosphorus in the milk of these women is distinctly higher than that 
of town dwellers. 

Schlossmann [1904] could establish no relationship between the percentage 
of phosphorus in milk and the duration of lactation, but, although his numbers 
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vary, they seem to show that the percentage is gradually decreasing with the 
duration. Although there are exceptions, he thought that a high phosphorus 
content was associated with a high nitrogen content. So far we have no results 
to record on the percentage of phosphorus in milk on the first and second days 
after birth when the nitrogen percentage is very high. 

Table V gives a comparison of our averages with those of Telfer and Schloss. 

Table V. 

Tolfer 


PA (g. per 100 cc.) 


Period of 
lactation 

Authors 

A . . 

No. of PA (g. 

samples per 100 cc.) 

No. of 
samples 

r 

All cases 

Without samples 
from country 
women 

5th-14th day 

14 

0-0364 

5 

0-048 

— 

inclusive 

3 - 4 weeks 

4 

0-0387 

5 

0-0384 

(3) 0-0363 

2-4 months 

37 

0-0412 

17 

0-0395 

(13) 0-039 

5-10 months 

18 

0-0410 

6 

0-0421 

(5) 0-043 

12-13 months 



4 

(6-8 months) 
0*0377 

(4) 0-0377 

11-13th day 

A (g« P er 100 cc.) 0*0380 

Schloss 
3-4 wks. 2 mths. 
0-0393 0-0431 

3 mths. 
0-0501 

3$ mths. 
0-0342 

4^ mths. 11 mths. 
0 0415 0-0348 


The ash and its relationship to the contained calcium 

AND PHOSPHORUS. 

Our results on the amount of ash show that the ash is high in the early 
weeks of lactation, the average being 0-289 g. per 100 cc., while towards the end 
of lactation the average falls to 0*181 per 300 cc. Out of 77 samples during the 
first two weeks 43 showed an average of 0*3 g. or a little over, 19 of over 0*25 
and the rest slightly lower. The above results are in accord with the work of 
Soldner [1896], who gave as his maximum for early milk 0*3 g. and his mini¬ 
mum 0*18. 

The variations in the amount of ash during the course of lactation are given 
in Table VL 

Table VI. 


Period of lactation 

1-2 weeks 

3-4 weeks 

2-4 months 

5-7 months 

8-10 months 

Average ash (g. 
per 100 cc. of 
milk) 

0-289 

0-249 

0-243 

0-236 

0-181 

No. of samples 

77 

4 

37 

2nd month 
0-247 

3rd month 
0*2398 

8 

8 


These figures show a rapid decrease during the first month of lactation, 
from the end of the first month to the seventh a slow decrease, and then again 
a rather rapid decrease during the last months, the figure during this last 
period usually lying between 0*1 and 0*2 g. 
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In considering the relationship of the calcium in the ash, the percentage of 
calcium rises from a mean of 15*5 during the first two weeks to 26*1 during the 
last three months, remaining fairly constant at 23 during the intervening period. 
These results are shown in Table VII. 

Table VII. 


Period of lactation 

No. of 
samples 

Average CaO 
(g. per 100 g. ash) 

No. of 
samples 

Average P 2 0 B 
(g. per 100 g. ash) 

1-2 weeks 

m 

15-5 

15 

33*50 

3-4 weeks 

3 

18-9 

4 

15*68 

2 months 

13 

23*8 

10 

17*3 

3 months 

13 

23*2 

13 

15*95 

4 months 

4 

23*07 

5 

17*56 

5~6 months 

5 

23*3 

5 

18*98 

7-10 months 

a 

26-1 

10 

21*13 


Sohloss [1911] reports 11 % CaO in the ash of early milk, rising to 20 % in 
mature milk. The above higher percentages are probably due to the fact that 
the average calcium oxide in the samples of milk examined was higher than 
in those of Sohloss. 

In the case of phosphorus the percentage of P 2 0 6 in the ash shows the same 
general rise from the first week to the tenth month of lactation, as is shown by 
the calcium oxide. The percentage, however, is lower throughout the course of 
lactation, rising from 13*56 in the first week to 21*13 during the last (seven to 
ten) months. 

It is to be noticed here that the percentage falls between the second and 
third months and begins to rise again between the third and fourth months. 
This runs parallel with the phosphorus estimation, as it has already been shown 
that the percentage of phosphorus pentoxide in milk rises from the first week 
to the end of the second month, falls during the third month, rises again during 
the fourth month, after which a fair level is maintained with a very slow 
decline in the later months (Table VII). 

Relationship between the calcium and phosphorus. 

Among the inorganic constituents of milk the calcium and phosphorus are 
the most important, and much attention has been focussed on these two elements 
in the diet in connection with the study of rickets. 

It has been established that diets, insufficient in either calcium or phos¬ 
phorus but adequate in every other respect, result in a retardation of the 
deposition of calcium phosphate in the bone and, where the deficiency of either 
element is too great, this cannot be counterbalanced by greatly increasing the 
antirachitic vitamins in the diet by the addition of cod-liver oil but only by 
the addition of the deficient calcium or phosphate. This has been established 
by the work of Sherman and his co-workers [1921, 1925, 1926] and confirmed 
by the work of McCollum and other workers on rickets. 

McCollum et al. [1921] were the first to point out and emphasise the fact 
that the ratio between the calcium and phosphorus in the diet was of infinitely 
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greater importance than the absolute amounts of the salts themselves.^ He 
showed that a deficiency of phosphorus in a diet, insufficiently supplied with fat- 
soluble A,” gave rise to rickets only when the calcium was present in an amount 
which gave a calcium-phosphorus ratio considerably above the optimum. 

It is suggested that the importance of the ratio between the quantities of 
calcium and phosphorus in the diet is due to the fact that either excess of 
calcium or phosphorus, by precipitation of insoluble calcium phosphate in the 
intestine, would diminish the amount of phosphate absorbed. 

Mellanby [1921] showed this to be the case with excessive amounts of 
phosphorus. The importance of this ratio has also been emphasised by Elliot, 
Crichton and Orr [1922] for pigs, and by Shohl, Bennett and Weed [1928] for rats. 

In the present work this important relationship between the calcium and 
phosphorus has been studied in human milk. The latter is the natural food of 
the child during the first six months of life and therefore this ratio in milk 
should be the best for its nutrition and growth. 

From the work already recorded on the variations in the percentages of 
calcium and phosphorus during the course of lactation a similar rise and fall 
in the ratio of these elements per 100 cc. of milk over the same period w r as to 
be expected. And since the variations in the percentage of P £ 0 5 are similar 
to those of the CaO but are not so great, there should result less variation 
during the course of lactation in the ratio bet ween these two elements than in 
the case of the elements alone. 

It is found that this ratio, averaging over the same periods as before, does 
not show a large variation. The ratio rises a little from the first to the fourth 
month of lactation and then falls during the later months to a value less than 
that in the early weeks (Table VIII). 


Table VIII. 


Period of lactation 

1-2 weeks 

1 month 

2-4 months 

5-10 months 

Average ratio CaO/P 2 0 6 

1-35 

1*34 

1*42 

1 25 


4-6 months 
1*3 

7 10 months 
1*23 


Ca/P 

2*2 

2*18 

2*3 

2*02 

No. of samples 

11 

4 

29 

17 


Although the average ratio over the whole course of lactation does not vary 
much, the individual variations are greater, varying from 0*81 to 2. 

- Out of the Cl samples investigated only 9 were between 1-8 and 2, of these 
7 came in the period two to four months. 

On examining the individual ratios it is found that 9 out of the 60 samples, 
i.e. 16 %, have a percentage of P 2 0 6 greater than that of CaO, that in 7 samples 
the percentages are equal, and in all the other 45 cases the percentage of CaO 
is higher than that of the P 2 0 5 . In many of these cases the ratio is 1-1 or 1*2, 
but in some higher, the mean at the different periods lying between 1*3 and 
1*4. When it has been possible to examine the milk of the same women at 
different stages of lactation the ratio between the percentage of CaO and P/)#, 
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where high, certainly rapidly decreases and in the later months the P 2 0 5 tends 
to become higher than the CaO. 

Cases illustrating this are given in Table IX. 


Table IX. 



Period of 

Ratio 

Cose 

lactation 

Ca0/P 2 0 5 

H 

6 weeks 

1*88 


3 months 

1-20 

B 

2 months 

1*9 


3 months 

1*3 

a 

4| months 

1*27 


5 months 

0*94 


6 months 

1*08 

B 

3 months 

1*8 


6 months 

0*91 

Ha 

9 months 

1*01 


10 months 

0*81 


Although Schabad [1911] says it is not always possible during the first 
three months of life clinically to diagnose rickets, apparently all the children 
of the cases examined, with the exception of about two, were healthy children. 
Therefore our results show that, during the first six months of lactation, a 
ratio of Ca0/P 2 0 5 per 100 cc. of milk greater than 1 and approximating to 1*3 
is probably the ratio most suitable for the child provided the vitamin factors 
are adequate. 

That the factor can vary within quite wide limits is also evident and to be 
expected considering the extraordinary variability and adaptability of the 
human organism. 

Since the ratio during the seventh to tenth months is decreasing (the only 
high ratio 1*7 being that of a mother with a rickety child, the high ratio being 
due to a low phosphorus content), it is possible that with milk after the tenth 
month, which we have not been able to obtain, the average ratio might 
become 1 or less than 1. 

This wide variability of the calcium/phosphorus ratio is in accord with the 
work on rats which has been done in connection with rickets. Shohl, Bennett 
and Weed [1928] give the ratio Ca/P used by different workers [Boas, 1924, 
1926; Medes, 1926; McCollum, 1922; Osborne and Mendel, 1913] as most 
suitable for their experimental diets and the ratio varies within the limits 1-2. 

Telfer [1924] suggests that in milk a slight excess of phosphoric acid over 
the calcium equivalent necessary for bone formation is required for the growth 
of the soft tissue. In the case of his own results, however, out of 27 analyses 
of the milk of town dwellers, only two show- a percentage of P 2 0 6 greater than 
that of CaO. These cases Telfer considers abnormal, as in the analyses of the 
milk of 12 country women, 7 showed a higher percentage of P 2 0 5 than of CaO, 
2 an equal percentage, and only 3 a low r er percentage. 

The results of other workers, Schabad [1911], Schloss [1911], Soldner 
[1896], Burhaus and Smith [1923], confirm the variability of this ratio and show 
a higher percentage of calcium oxide in by far the greater number of cases. 

Our results are certainly taken from samples of milk of women living in 
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the poorer districts of London, but, considering the variations in the ratio, 
that the ratio is nearly always greater than one, that the children are healthy, 
and that many samples have been analysed, is there not some other physio¬ 
logical explanation for this ratio? 

Sherman and Quin [1926], in their work on rats, showed that, during the 
suckling period, while there was a considerable increase of the soft tissues, 
where the phosphorus would be in organic combination, the largest gain in 
calcium and phosphorus was due to the deposition of these elements in the 
bones, and that, as tricalcium phosphate contains three atoms of calcium to 
two of phosphorus, the rapid gain of this substance must increase the ratio of 
the calcium to the phosphorus in the body as a whole. They found that at 
birth the atomic ratio of calcium to phosphorus in the body was 3 : 5 and that 
this had become 1 : 1 before the end of the suckling period. They showed that 
well within this period the percentage of calcium overtakes the percentage of 
phosphorus in the body. 

If the same factors are operating during the suckling period of the child, 
the fact that the percentage of calcium oxide in the food, the mother’s milk, 
is greater than that of the phosphoric acid has an explanation. 

In support of this we have the fact that during the first six months of its life 
a baby doubles its weight at birth. The ratio Ca0/P 2 0 5 in tricalcium phosphate 
is about 1*2 and the mean of our ratios falls between 1*3 and 1*4. The gradual 
decrease in the ratio towards the end of lactation runs parallel with the decrease 
in the percentage of calcium oxide and phosphorus pentoxide during the later 
months, the decrease in the calcium being more marked than that of the 
phosphorus pentoxide. 

There may be some differences in the milk of mothers living in the country 
and in towns as Telfer suggests, but the fact that nature produces a diet richer 
in calcium than phosphorus and the children bred on it are healthy must have 
some physiological explanation. The work of Sherman and Quin seems possibly 
to offer an explanation of the results recorded in this paper 1 . 

Suuak. 

Fifty-five samples of milk have been examined at different periods of 
lactation after the first fortnight (Table X). The method of estimation of 
lactose w T as that of Folin and Denis [1918]. 

There are two conclusions to be drawn from the results obtained, 

4 (1) The percentage of sugar in early milk is at its lowest value. 

(2) By the end of the first month the percentage has risen to an average 
which does not materially alter throughout the whole course of lactation up to 
at any rate the tenth, month (no examination having been made of later milk). 

1 (Note added 13th April, 1930.) Parsons [Brit. Med. J. 1927, ii, 780) states that “ to obtain 
the maximum absorption of both calcium and phosphorus the diet should contain amounts of 
these elements sufficient in quantity and properly balanced. The percentage of calcium in the 
diet should be greater than the percentage of phosphorus.” 
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Period of lactation 

let-14th day 

3-4 weeks 

2-4 months 

5-7 months 8-10 months 

Average lactose (g. per 
100 cc. milk) 

5*845 

7*08 

7*099 

2 months 
7*18 

3-4 months 
6*97 

6*93 7*09 

Range of average 

4*41-60 


6*72-7*38 

1 sample 

8*4 

5*83-7*35 6-12-7*77 

No. of samples 

115 

2 

29 

12 12 


To compare the percentage of lactose in early milk, that is up to the end 
of the first fortnight, with that found by other investigators, it has been found 
convenient to tabulate the results in days and these are given in Table XL 
No other observations have been recorded over the whole consecutive 
fourteen days for comparison with our results. 

Although the numbers fluctuate a little there is a steady rise in the pro¬ 
portion of sugar during this period up to an average of 6-89 g., culminating in 
a value over 7 by the end of the first month. 

Bracketed numbers refer to number of samples analysed. 


Table XL Lactose (g. per 100 cc. milk). 


Bays 

Authors 

Hammett 

[1917] 

1 

4*74 (1) 

— 

2 

5*56 (3) 

— 

3 

5*33 (14) 

5*43 (8) 

4 

5*47 (11) 

5 

5*42 (16) 

6-08 (8) 

6 

5*78 (13) 

— 

7 

6*17 (10) 

6*21 (8) 

8 

6*34 (10) 

-- 

9 

6*24 (9) 

6*32 (8) 

10 

6*42 (9) 

— 

11 

6*42 (7) 

12 

6*12 (11) 

— 

13 

6*69 (5) 

— 

14 

6*89 (2) 

— 


Bell 

Camerer 
and Soldner 
[1896, 1898] 

Soldner 

[1896] 

— 

— 

— 

| 

4*782 (2) 

— 


_ 

_ 

6*42 (88) ] 

i 

r 5*6 <~) 

— 


— 

— - 

6 73 (88) 

) 

6*73(1) [ ) 

6*75 (2) 

— 

- 

6*62 (2) 

— 

6*35(1) ) 


Schlossmann [1900] recorded a value of 6*92 g. for the ninth to tenth day 
and Holt, Courtney and Fales [1915] gave an average of 6*5 for the first twelve 
days of lactation. 

There is general agreement that during the first fortnight the average, 
although gradually rising, never rises to the figure 7 which is characteristic of 
mature milk. 

From our results and those of Camerer and Soldner, it is probable that the 
percentage of sugar on the first day lies between 4 and 5, but too few samples 
have been examined on this day to establish this point. 

The comparison of our numbers for the percentage of sugar in the later 
months with those of other workers is shown in Table XII. 
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Table XII. 


Period of 


Schabad 

Schlossmann 
(1902. 19047 

Holt, 
Courtney 
and Fales 

Camererand 
Sdldner 
Soldner [1896, 

lactation 

Authors 

[1911] 

L 

5 ’ J 

[1915] 

[1896] 

1898] 

3-4 weeks 

7-08 (2) 

c " 

6*81 (65) 

7-81 

7-15 (4) 

6*52 (15) 

2 months 

7*18 (14) 

4-7 (2) 

7-01 (30) 

from 11th 
day 

7*05 (56) 

12th-30th 

day 

5-54 (1) 


6*36 (4) 
6*36 (7) 

3-4 months 

6-97 (15) 

4-72 (4) 

7-35 (56) 

6-87 (53) 

7*98 (10) 

7*42 (3) 

6*81 (14) 

5-7 months 

6-93 (12) 

4-36 (2) 

7-11 (90) 

6*89 (64) 

8*15 (3) 

_ 

6*66 (5) 
6*87 (4) 

8-10 months 

7 09 (12) 

5-48 (2) 

— 

7*33 (17) 

7*66 (3) 

7*28 (1) 

6*78 (10) 

10-20 months 


741 


(51-11 

months) 


Although our figures differ to a certain extent from those of the other 
workers, their general significance is the same. They all seem to indicate that 
there is an average percentage of sugar in milk which is well maintained 
throughout the course of lactation. 

A different level of average percentages is to be expected where, as in all 
this work, the average is taken from a study of a large number of different 
individuals, as individual variations certainly exist. Schlossmann, for instance, 
finds in the case of some women a percentage of lactose as high as 10-75, while 
out of all our 55 samples only one was as high as 8. Considering also the 
variation in the methods of analysis of the sugar the differences in the averages 
are no greater than would be expected. 

Hammett [1917] commented on the fact that the sugar estimations of the 
American workers were higher than those of others and certainly the results 
of Holt, Courtney and Fales [1915] are distinctly above those of the other 
workers recorded. Schabad’s [1911] numbers are the only ones which are 
markedly different from all the others, the average being between 4 and 5 g. 
per 100 cc., the proportion associated by us with milk of the first few days of 
lactation. He also gets a very noticeable rise during the last few months. The 
small number of Schabad’s samples may account for his figures. 

In those cases in which we have been able to examine the milk of the same 
women at different stages in the lactation, there seems to be little variation in 
the percentage of the sugar except in two cases not included in the table. 

This is evident from the cases quoted in Table XIII. 


Case 

A 

B 

C 


Table XIII. 



Lactose 



Lactose 

Month 

(g. per 100 cc.) 

Case 

Month 

(g. per 100< 

5 

6*8 

E 


7*35 

8 

7*05 



7-35 

3 

702 

F 


7*03 

6 

7*00 


7| 

7*18 

9 

7*31 

G 

If 

6*97 

10 

7*18 


24 

7-34 

if 

6*94 




2 

6*90 





D 
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We have no explanation to offer of the two exceptions, nor has Schlossmann 
for similar variations that he records. 

From the few cases at present examined, however, a pathological condition 
of the breast seems to influence the sugar percentage. 

In one case, five days after birth, the percentage of sugar was 4*27 and in 
another case, fifteen days after birth, the percentage was only 3*97 and 3-05. 

In all these cases the breast was very engorged and the percentage of sugar 
was found to be much below the average for the period of lactation. 

Myers [1927] also gives a case of abscess of the breast, where at four and a 
half months the percentage of lactose is 2*16. 

The low values for the sugar of early milk are of interest in comparison 
with the very general practice in the artificial feeding of young infants of the 
use of a highly sweetened food. 

Protein. 

In the case of early milk it was shown that the highest percentage of protein 
occurred in the first three days after parturition and that the level fell steeply 
during the first week, to reach an approximate average of 1*4 % at the end of 
the thirteenth day. The present work on later milk shows that although after 
the first month the level is fairly constant for some months, yet a very slow 
continuous decrease is taking place from 1*4 at the end of the first fortnight to 
0*9337 during the last month of lactation. 

This gradual decrease is shown in Table XIV. 


Table XIV. 


Period of 

lst-3rd 

4t.h-7 th 8tli-13th 

3-4 

3 and 4 

5 and 6 

9-10 

lactation 

day 

day 

day 

wks. 

2 raths. mths. 

mths. 

mths. 

Average protein (g. per 
100 ec. milk) 

(g. N x 6*37) 

4-357 

1-702 

1*449 

1*175 

1*174 Mil 

0*9855 

0-9337 

No. of samples 

30 

52 

26 

2 

16 19 

7 

12 

Kang© of percentages 

8-47 

2-586 

1*984 

— 

1*407 1-367 

1*032 

1*24 

- 1-19 

1*18 

0*98 

1 only 
under 1 

— 

-0*882 -0*891 

2 only 3 under 
under 1 1 

and 2 4 above 

only over 1*158 

- 0*961 

4 under 
1 

-0-803 

9 under 

1 

2, 1*035 


1-25 

There are several points of interest arising out of the above results. 

(1) The percentage of protein during the first three days after parturition 
in milk rises in some cases to 6, 7, or 8, the highest value recorded being 8*4. 

Other workers have noted high protein in early milk. Soldiier [1896] 
records one between 5 and 6 % for the second day, Holt, Courtney and Fales 
[1915] 2*06 for the third day, and Hammett [1917] 5*79 for a third day, but no 
numbers are recorded as high as ours. 

Among our estimations of the protein in milk during the first three days of 
lactation 6 are made on milk taken the first day after parturition, giving an 
average of 7*48 %, and 8 on the second day, giving an average of 4*58 %. This 
accounts for our high early values compared with those of other workers, for, 
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with one or two exceptions, their earliest estimations are made on the third day 
of lactation. 

It was thought possible, and suggested in our previous paper, that the high 
percentage of protein in the colostrum period might be connected with the 
small quantity of milk available at this period. Our earlier experiments [1927] 
support this explanation. 

(2) It was also noticed in the cases examined that the initial protein values 
for the primiparae were in all cases much higher than those of the multiparae. 
The figures for the latter fell to a constant level much more rapidly than did 
those for the former. Since no distinctions of this kind have been recorded by 
other workers, comparison on this point is not possible. 

In comparing values of the percentage of protein in milk it must be borne 
in mind that the several workers in this field have used different factors for 
converting the protein nitrogen obtained from the precipitated protein into 
protein itself. The factor used in this work is 6-37. Soldner, Schlossmann, 
Holt, Courtney and Fales use 6*25. Hammett and Bell 6-38. 

In comparing the figures of these workers with ours, Soldner’s numbers 
have been corrected to the 6-37 factor, but those of Schlossmann, Holt, 
Courtney and Fales are their recorded values. 

(3) From the first day of lactation to the end of the first fortnight there is 
a rapid decrease in the average percentage of protein, the number falling from 
an average of 4*357 to 1*449. 

(4) During the first and second months the level of the protein remains 
fairly constant. As lactation progresses, however, there is undoubtedly a 
gradual and continuous decrease to an average of about 0*9337 in the tenth 
month. This gradual decrease is also found by other observers. 

(5) It is of interest that our range of numbers after the first fortnight are 
in accord with those of Soldner, the values in both series being considerably 
below those of Schlossmann and lower than those of Holt, Courtney and Fales. 
In the ease of the latter workers the final average approaches ours, but not 
until much later in the course of lactation. Between five and six months our 
average is 0*9855 g. protein per 100 cc., while theirs becomes 0*972 after the 
tenth month. 

A comparison of our results with those of other workers can be seen in the 
collected results in Table XV. 

The average percentage of protein in mature human milk is recorded as 
1*5 by Feldman [1927] and 1*6 by Sherman. 

Our results suggest that after the first month of lactation a distinctly lower 
percentage of protein than 1*5-1*6 is present in milk, and that no single value 
can be taken as representative of the percentage over the whole course of ten 
months. 

The fact that it has fallen to 0*934 by the end of the tenth month does not 
mean that the child is requiring less protein, as any slight lowering of the per¬ 
centage of protein during the late months is counterbalanced by the larger 
volume of milk consumed. 
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Table XV. Average protein (g. per 100 cc.). 



1-3 

4-7 

8-13 

3 4 

2 

3-4 

5 6 

7-10 

11-20 


days 

days 

days 

wks. 

mths. 

mths. 

mths. 

mths. 

mths. 

Authors 

4-35 

1-702 

3-449 

1-175 

1 174 

1-111 

0-9855 

0-934 

— 

(r.Nx 6-37 per 

100 cc. 

(30) 

(52) 

(26) 

(2) 

(16) 

(19) 

(7) 

(12) 


Gamerer and Sold- 

205 

1-77 

1-66 

1-22 

— 

1-019 

0873 

— 

— 

ner (1896, 1898] 

(1) 

(3) 

(10) 

(15) 


(14) 

(10) 



g. N x 6-37 per 

1-624 


— 

— 

— 

3-4£ 

5| and 

— 

— 

100 g. 

(1) 





mths. 

over 



Schlossmann 

— 

— 

1-81 

1*94 

1-99 

1-54 

1-50 

1-57 

— 

[1900.1 
g. N x 6-25 
per 100 g. 



(5) 

(41) 

(30) 

(60) 

(60) 

(30) 


Holt, Courtney and 

— 

2-206 

2-19 

1-17 

1 05 

1-141 

M3 

1-27 

0-972 

Fades 119151 
g. N x 6-25 
per 100 cc. 


(3) 

(1) 

(1) 

(2) 

(8) 

(3) 

(3) 

(10) 

Hammett [1917] 

3-52 

1-64 

1-57 

— 

— 

— 

— 

— 

— 

g. N x 6*38 per 

(8) 

(16) 

(15) 

— 

— 

— 

— 

— 

— 

100 g. 

3rd 

5 and 7 

9 and ll 








day 

days 

days 







Bell (1928] 

— 

2*o 

1-73 

1-37 

1-30 

— 

— 

— 

— 

g. N x 6*38 per 


(88) 

(88) 

(88) 

(88) 





100 g. 


5th 

9th 


5-6 wks. 






day 

day 


1-21 










(88) 

6-8 uks. 






Since human milk is the natural food of the child during its first six months 
of life these results should be of interest from the point of view of the pre¬ 
paration of artificial foods for infants. 

Summary. 

1. The composition of human milk has been studied in the later stages of 
lactation and the calcium, phosphorus, ash, sugar and protein constituents 
compared with their proportions in early milk. 

2. The percentages of calcium and phosphorus follow parallel curves 
throughout the course of lactation, though the variations in phosphorus 
are less than those in calcium. The percentage of both is less in the early 
weeks, rising to a maximum at the end of the second month, then slowly 
declining to the end of the tenth month. The relationship between the volume 
of milk assimilated and the percentage of calcium and phosphorus is noted. 

3. The percentage of ash is shown to be highest during the first two weeks 
and then falls continually throughout lactation, the steepest fall being during 
the last month. 

4. The percentage of both the calcium oxide and phosphorus pentoxide 
gradually rises in the ash to reach a maximum during the last months. That 
of the calcium oxide rises from 15*5 in the early weeks to 26-1 in the later 
months, while that of the phosphorus pentoxide rises from 13*56 to 21*13. 

5. The ratio of the percentage of calcium oxide to that of phosphorus 
pentoxide in the milk has been studied at the different periods. It is shown to 
have a rise and fall following the corresponding rises and falls of the calcium 
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and phosphorus, but the variations are not great. The average rises from 1*35 
to 1*42 and falls to 1*25 during the last months. 

6. The fact that in the larger number of samples the percentage of the CaO 
is greater than that of the P 2 0 5 is discussed and an explanation suggested. 

7. The percentage value of the protein decreases rapidly from a very high 
value immediately after parturition to the end of the first month, and then 
gradually but continuously till it reaches an average of about 0*9337 by the 
end of the 10th month. 

8. The figures for the average percentage of protein from the end of the 
first month till the tenth suggest that this is not a fixed value and that it has 
a lower average than 1*5 which is usually taken. 

9. The percentage of sugar is at its lowest value in early milk. After the 
first month it varies little throughout lactation. 

10. In those cases examined in which there was a pathological condition 
of the breast, the percentage of sugar is affected and the value lowered. 


We wish here to thank Dr Chodak Gregory, Dr Olivier Richards and 
Miss Liddiard for affording us the facilities for obtaining the material for this 
study and Prof. Winifred Cullis for help and advice throughout the work. We 
also wish to thank the Medical Research Council for their help in the present 
investigation. 
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XXXIX. FERMENTATION BY YEAST 
PREPARATIONS. 

By ARTHUR HARDEN and MARJORIE GIFFEN MACFARLANE. 

From the Biochemical Department , the Lister Institute, London. 

(.Received February 28th , 1930.) 

The striking difference between the fermentation of living yeast and that of 
the juice prepared from it is well known [Harden and Young, 1906]. A living 
yeast f 9 r example may ferment in an excess of sugar solution at a rate of 
10-15 ce. C0 2 per 5 minutes for 2 g. of pressed yeast. The fermentation is 
unaffected by the addition of phosphate except in high concentrations, when 
a slight inhibition may occur. The veast juice prepared from such a yeast 
ferments at 1/20-1/40 of this rate; the addition of phosphate to the juice 
produces temporarily a rate of the same order as that of the original yeast, 
which falls to the normal as the phosphate becomes esterifiod, but can be main¬ 
tained indefinitely in a suitable concentration of arsenate [Harden and Young, 
1911]. It seemed of interest to determine at what point in the preparation 
of yeast juice, or by what reagents or treatment, this modified fermentation 
was produced. 

The preparation of yeast juice is usually carried out by grinding fresh 
pressed yeast with equal parts of silver sand and kieselguhr, and pressing 
out the ground mass after the addition of more kieselguhr in a hydraulic 
press. It is apparent that changes may occur either in the preliminary 
grinding, or by the retention of active material in the residue during pressing, 
or in both processes, and these were the possibilities first investigated. 

Experiments on grinding yeast . 

150 g. of fresh pressed brewery top yeast were mixed thoroughly with 
150 g. of sand. A portion was removed to determine the original rate of 
fermentation, and the remaining mass ground in a mill, samples being re¬ 
moved at regular intervals for examination. The fermentations were carried 
out in the apparatus of Harden, Thompson and Young [1910] at a tem¬ 
perature of 30°. 4 g. of each sample (containing 2 g. yeast) together with 
2 g. fructose and 20 cc. H 2 0 were incubated, the rate of fermentation and 
the response to phosphate being determined. Fig. 1 illustrates a typical 
experiment. 

It will be seen that the fermentation rate (cc. C0 2 per 5 minutes) diminished 
approximately in proportion to the duration of grinding; after grinding for 

22—2 
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1 hour (curve c) the rate had fallen from 13*5 cc. to 2-5 cc., and rose to 
10 cc. on addition of phosphate, giving a typical phosphate curve. Micro¬ 
scopic examination of the ground mass at this stage showed that 70 % of 
the cells were now permeable to methylene blue, but no estimate was possible 
of the number which had been disintegrated by the grinding. Without addition 
of phosphate the rate of fermentation of the ground mass increased during 

2 hours to double the initial value, corresponding then to the final rate after 
addition of phosphate; it is possible that this increase may be due to growth 
of the surviving intact yeast cells. 

It appears from these results that the essential change in the mode of 
fermentation takes place during grinding, and that during pressing only 
secondary effects which may enhance this change can occur. 



Minutes 


Fig. 1. Fermentation of yeast after grinding, 
a, 2 g. yeast. b . 2 g. yeast ground 20 minutes, 

c, 2 g. yeast ground 00 minutes. 

I marks addition of 1-2 cc. M K 2 HP() 4 . 

Experiments on grinding and pressing with various substances . 

It was thought possible that the presence of the kieselguhr used as packing 
material during grinding and pressing, which could conceivably act as an 
adsorbent of active material might account for the low basal rate of yeast 
juice. Preparations were therefore carried out in which other materials were 
substituted for the kieselguhr. 

One of the difficulties encountered in the investigation of a series of yeast 
juices is the unaccountable manner in which juices prepared identically from 
different batches of fresh yeast from the same source vary both in their basal 
rate and their power to respond to phosphate. To provide a standard for 
comparison, it was therefore necessary on each occasion to prepare a juice 
in the normal way with kieselguhr. 

Fresh pressed brewery top yeast was used throughout. The yeast was 
mixed with sand and the material to be tested, and ground to the usual 
consistency. After standing for 2 hours the ground mass was pressed out, 
and the volume and jfa of the juice were determined. Duplicate flasks were 
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prepared containing fructose and a measured volume of juice and placed in 
a thermostat at 30°; the basal rate of fermentation and the phosphate rate 
were then determined. There was on occasion a noticeable difference in p u 
between the experimental juice and the parallel kieselguhr juice, and in those 
cases a portion of the control juice was adjusted to the same p H , without 
appreciable difference to the fermentation; the influence of the p H during 
the fermentation may therefore be discounted, though it may be of im¬ 
portance in the preliminary pressing. 




Table I. 


Rate cc. 

COo per 5 min. 





for 25 cc. juice 

Exp. 

Packing 

Yield of juice 



-\ 

Max. 

material 

cc.'g. yeast 

Pr 

Basal 

phosphate 

00 

CaCO, 

100 500 

6-0 

8-0 

51*0 

61 

/ CaCOj, 

\ Kieselguhr 

65/500 

65/500 

6-2 

60 

1J-4 

7*5 

65*0 

740 

62 

? CaOO, 

\ Kieselguhr 

148/500 

(M 

5-5 

63*4 

160 500 

5*4 

1*9 

29*0 

72 

/ CaCOj, 

180/500 

5*6 

6*0 

49*5 

\ Kieselguhr 

154 '500 

5*4 

1*5 

26*0 

66 

f Powdered glass 

108 500 

70 

6*4 

16*7 

\ Kieselguhr 

170/500 

5*6 

2*4 

160 


Aluminium oxide, ferric oxide, barium carbonate and sulphate, and 
calcium phosphate gave juices which, though normal in yield and appearance, 
were inactive or of very poor activity. Magnesium carbonate gave a normal 
yield of juice with a basal rate lower than normal, which responded only 
slightly to phosphate; with aluminium hydroxide an extraordinarily poor 
yield was obtained, approximately 10% of the usual volume; the juice 
however had a basal rate of fermentation twice that of the control but a 
phosphate rate of the same order as the control. The only substances used 
which had any beneficial effect on the fermentation rate were calcium car¬ 
bonate and powdered glass. With calcium carbonate both the yield and the 
p B of the juice obtained corresponded fairly closely with the control, but the 
basal fermentation rate was doubled or trebled. Table I shows some of the 
values obtained for the juices. Microscopic examination showed that both 
with the calcium carbonate and the kieselguhr, the number of cells in the 
ground mass permeable to methylene blue was the same, about 70 %. 

To determine whether any active material could be adsorbed by kieselguhr, 
50 cc. portions of the juices prepared with CaC0 3 were mixed with 5 g. 
kieselguhr, allowed to stand at room temperature for 10-30 minutes, and 
then filtered. On determination of the fermentation rate of the filtrate a 
slight diminution in the basal rate was observed; on one occasion the rate 
fell from 11-4 cc. 00 2 for 25 cc. to 9*5 cc. after treatment, and on another, 
from 5*3 cc. to 3*1 cc. 

In the latter case the kieselguhr residue was suspended overnight in 
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20 cc. 0*1 M K 2 HP0 4 , and the filtrate tested for the presence of hexose- 
phosphatase by its hydrolysing action on potassium hexosediphosphate. It 
was found that 10 cc. filtrate, equivalent to 25 cc. original juice, liberated 
0-4 mg. P in 5 minutes, which corresponds to a rate of 0*29 cc. C0 2 , whereas 
the diminution in rate of the juice was 2*2 cc. Though the elution was far 
from complete, it demonstrated that active material was adsorbed on the 
kieselguhr. It was apparent, therefore, that though the main diminution in 
rate originated in the grinding of the yeast, the quality of the packing 
material might account for a decrease in rate up to at least 10 % of the total. 

Effect of chemical reagents on fermentation by yeast. 

The ideal reagent sought after in these experiments was one which, while 
killing the cell so that it was incapable of growth, would leave the fermen¬ 
tation rate unaffected. This was however not found. The action of some 
reagents has already been investigated. It was shown by Harden [1911] that 
the addition of toluene to fermenting yeast causes a rapid fall in the fermen¬ 
tation rate until a constant low rate is obtained, while simultaneously the 
yeast acquires the property of responding to phosphate. Kerr and Young 
[1926] showed that benzene, xylene, ether and ethyl butyrate acted in a 
manner similar to toluene, and that after treatment the yeast cells were 
incapable of growth; chloroform, ethyl acetate, amyl acetate and butyl 
alcohol completely stopped the fermentation. 

Table II. Fermentation of yeast in presence of various reagents. 

Rates, cc. C0 2 per 5 min. 


Reagent 

Original 

A 

A 

After addition 

Reaction 
to P0 4 

% cells 
stained 

Formaldehyde 2 % 

Phenol 0-25 % 

44 

40 

_ 

15-20 

32 

16-0 

_ 


^ „ 0-5% 

Pyridine 2-2 % 

30 

10 



22 

7-0 

_ 


Propyl alcohol 7-5 % 

28 

90 

— 

80 

Quinone 2-5 % 

20 

150 

_ 

M 1 0 /0 

26 

0 

_ 

28* 

Toluene 

32 

1-5 

4 

100 

Benzene 

32 

1-5 

4 

100 

Carbon disulphide 

28 

20 

4 

100 

Petroleum 12 5 % 

27 

35 

+ 

100 

Light petroleum 6-25 % 

30 

70 

4 slow 

75 


A list of the reagents now investigated is given in Table II. The fermen¬ 
tations were carried out with fresh pressed brewery top yeast. A series of 
Hasks was prepared containing a weighed amount of yeast, fructose and 
water and placed in a thermostat at 30°. When a steady rate of fermentation 
was obtained, usually after 10-15 minutes, the reagent to be tested was 
added to the flasks and the subsequent fermentation measured. After the 
rate had again become constant, the response of the fermenting mass to added 
phosphate was determined. A typical experiment is illustrated (Fig. 2). 

(a) 8 g. pressed yeast + 3 g. fructose + 40 cc. H a O. 

(b) 8 g. ,, + 3 g. ,, +40 cc. HjO + 5 cc. carbon disulphide. 

® »» g* „ +40 cc. HjO +4 oc. 4 % formaldehyde. 
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In Fig. 2 the arrow marks the addition of 2-4 cc. M K 2 HP0 4 to 
b and c, the dotted portion (&') of curve b representing the fermentation in 
absence of phosphate. In some cases a count was made microscopically of 
the proportion of cells staining with methylene blue after treatment with 
the reagent. 

It will be seen that the fermentation was effected in one of two ways by 
the reagents tested. The first group, which includes phenol, pyridine and 
formaldehyde, reduced and with increasing concentration finally stopped the 
fermentation. No response to added phosphate occurred, indicating that the 
fermenting capacity was definitely lowered or destroyed; the cells, however, 
were not necessarily so injured that they stained with methylene blue. The 
second group, to which toluene, benzene and xylene were already known to 
belong, all reduced the fermentation roughly to the same degree, about 1/20 
of the normal. The treated yeast then reacted with phosphate to give a definite 
phosphate rate, approximately 40-60 % that of the original yeast, and this 
rate could be maintained in the presence of arsenate. Moreover, on staining 
with methylene blue practically 100 % of the cells were permeable to the dye. 



Fig. 2. Effect of reagents on fermentation by yeast, 
a, Normal. b 9 In presence of carbon disulphide, 
c, In presence of formaldehyde. 

| marks addition of K>HP0 4 . 

Assuming that in the living yeast fermentation takes place according to 
the equations of Harden and Young: 

2C 6 H I2 0 6 + 2R2HP0 4 - 2C0 2 + 2C 2 H b OH + 2II 2 0 4 - C 6 H 10 O 4 (PO 4 R 2 ) 2 , 
C 6 H 10 O 4 (PO 4 R 2 ) 2 + 2H a O - CeH 13 0 6 + 2R 2 HP0 4 , 
or some similar equations, the enzymes must be so balanced as to produce 
the optimum concentration of phosphate. In the treated yeast, the limiting 
factor, as evidenced by the response to phosphate, is the hydrolysis rate of 
the hexosephosphates produced. The results quoted above lead to the con¬ 
clusion that injury to the yeast cell, of which grinding is the extreme case 
and drying, and treatment with acetone, toluene etc. are intermediate grada¬ 
tions, results not in any significant diminution of fermenting capacity but in 
an inability to maintain a high rate and is confined to some special mechanism 
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or organisation existing in living yeast which permits a more intense action 
of the hexosephosphatase. 

The possibility therefore exists that by suitable treatment a substance 
could be extracted from yeast which would accelerate the action of hexose- 
phosphatase and so increase the basal rate of yeast preparations, e.g . yeast 
juice or zymin, in a manner similar to arsenate. 

Search for an accelerator of hexosephosphatase in yeast. 

All attempts to prepare such an extract from living yeast, as by autolysis 
or plasmolysis, rubbing in a mortar etc. failed completely. Autolysis of a 
dried baker’s (Dutch) yeast, wdiich is a very active preparation fermenting 
at a rate 40 % that of living yeast, gave an extract accelerating the fermen¬ 
tation of zymin. 100 g. of dried yeast with 200 cc. H 2 0 were incubated for 
16 hours at a temperature of 30° and the clear brown liquid separated by 
filtration. The accelerating power was measured in the following manner. 
Duplicate flasks were prepared containing 2 g. zymin, 2 g. fructose, 2*4 cc. M 
K 2 HP0 4 and 10 cc. H 2 0, and placed in a thermostat at 30° till a constant rate 
of fermentation was obtained. Preliminary experiment showed that this 
quantity of phosphate was sufficient to give the optimum concentration of 
phosphoric esters necessary for the maximum basal rate [see Boyland, 1929] 
and therefore no error would be incurred by the subsequent addition of 
extracts containing phosphate. A known volume of the autolysate was added 
to one flask and an equal volume of H 2 0 to a control flask, and the fermen¬ 
tation rate measured. In one experiment, the rate of fermentation was raised 
from 3*3 to 6*9 cc. C0 2 per 5 minutes, and in another from 3*85 to 8*05 cc. 
by the addition of 15 cc. autolysate. The acceleration was not produced if 
the autolysate was boiled previously to addition. Further examination of 
the autolysate showed that it contained an active hexosephosphatase. The 
hydrolysing power for potassium hexosediphosphate was measured under 
standard conditions at p B 7-0, the inorganic phosphate liberated being esti¬ 
mated by a modification of Briggs’s method. In one case 15 cc. autolysate, 
which produced an acceleration of 4*20 cc. C0 2 per 5 minutes in the rate of 
fermentation of zymin, hydrolysed 57-0 mg. P in 2 hours, corresponding to 
a rate of 1*8 cc. CO^ per 5 minutes and thus accounting for 43 % of the 
acceleration. The figures obtained cannot fairly be compared, however, as the 
conditions existing during fermentation and hydrolysis are necessarily very 
different. 

Attempts w T ere made to separate the hexosephosphatase from any 
accelerating agent which might be present by means of precipitation with 
alcohol or saturated ammonium sulphate and by dialysis, but without success. 
From this point of attack, it remains impossible at the moment to decide 
whether the added hexosephosphatase alone is responsible for the acceleration, 
or whether it is accompanied by an accelerating system with which it is closely 
associated. 
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Summary. 

1. Investigation of the manner of preparation of yeast juice shows that 
at least 80 % of the diminution in the rate of fermentation which occurs may 
be ascribed to the process of grinding, during which the yeast acquires the 
power of responding to phosphate. A further loss is incurred during pressing 
by the use of kieselguhr, w T hich adsorbs active material. 

2. The effect of various reagents on the fermenting power of yeast is 
described. 

3. The conclusion is drown that the treatments described affect mainly 
the mechanism of hexosephosphatase action. 

4. An account is given of the preparation, by autolysis of dried baker’s 
yeast, of an extract containing hexosephosphatase and accelerating the 
fermentation rate of zymin. 
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XL. PHOSPHORIC ESTERS IN ALCOHOLIC 
FERMENTATION. 

II. PYROPHOSPHATE IN YEAST PREPARATIONS. 

By ERIC BOYLAND (Beit Memorial Research Fellow). 

From the Biochemical Department , the Lister Institute , London. 

(Received February 28th , 1930.) 

Lohmann [1928, 1] has isolated pyrophosphate from plants, the muscles of 
many animals and from living yeast. He has shown [1928, 2] that about 
one quarter of the total phosphorus present in both brewer’s and baker’s 
yeast occurs as pyrophosphate. More recently Lohmann [1929] has suggested 
that the pyrophosphate of muscle is combined with adenylic acid and may 
be concerned with ammonia production. 

This idea is supported by the results obtained by Eggleton and Eggleton 
[1929] on the phosphorus compounds of muscle, and by the work of Embden, 
Hefter and Lehnartz [1930]. 

In studying the reaction of orthophosphate with zymin and yeast juice, 
Harden and Henley [1927] found that often only about 90 % of the theoretical 
amount of carbon dioxide was evolved. It is probable that the deficiency in 
carbon dioxide evolution is really due to depression of the basic fermentation 
to an unknown extent. The deficiency might, however, have been due to 
formation of pyrophosphate, but the present work shows that not to be the 
case. 

Estimation of pyrophosphate. 

Lohmann [1928, 1] and Eggleton and Eggleton [1929] have estimated the 
pyrophosphate of muscle as the phosphate liberated by hydrolysis for 7 minutes 
in N HC1 at 100°. This gives reliable results with muscle, where there is no 
hexosediphosphate, but it cannot be applied to yeast preparations in which 
most of the phosphorus is usually present as the diphosphoric ester. In N HC1 
at 100° in 7 minutes hexosediphosphate loses about a third of its phosphorus 
as free phosphate. For this reason the old method of estimation of pyro¬ 
phosphate could not be applied to yeast preparations. 

In order to estimate pyrophosphate and hexosediphosphate it was necessary 
to find a method of separating these two compounds. Lohmann [1929] suggests 
that they can be separated as barium salts in slightly acid solution (p H 4-5), 
but on trial this method was found to be not quite quantitative. Attempts 
were made to separate these two phosphates as the uranium, copper, chromium 



PHOSPHORIC ESTERS IN YEAST FERMENTATION 351 


and iron salts, but largely on account of the complex pyrophosphate com¬ 
pounds, none of these methods gave a reliable separation. Finally the barium 
salts were used. While both barium ortho- and pyro-phosphate are insoluble 
in neutral solution, the salt of hexosediphosphate is soluble to the extent of 
0-6 % in cold water. 

The filtrate from the trichloroacetic acid precipitation was diluted until it 
contained less than 0*5 mg. phosphorus per cc. and was then treated with 
cold barium hydroxide solution till neutral to phenolphthalein and kept at 5° 
overnight. The organic phosphorus (hexosediphosphate and hexosemono- 
phosphates) was estimated as the phosphorus left in solution as barium salt. 
The precipitate was removed by centrifuging and washed. It w T as then dis¬ 
solved in dilute hydrochloric acid, the insoluble matter being removed by 
centrifuging and estimated as nucleic acid. The hydrochloric acid solution 
was again precipitated with barium hydroxide and the precipitate was 
assumed to be a mixture of ortho- and pyro-phosphate. By determination of 
the orthophosphate and total phosphorus present a figure was obtained for 
the pyrophosphate. 

The phosphorus compounds of living yeast. 

The method was first used to estimate the phosphorus compounds of living 
yeast. Fresh brewer’s yeast pressed to \ ton per square inch was ground with 
trichloroacetic acid and an extract obtained by centrifuging. The results of 
analysis of the extract are shown in Table I along with similar figures given 
by Lohmann [1928, 2]. It should be noted that Lohmann heated his acid 
extract to 100° wdiich might cause some hydrolysis and increase in the amount 
of orthophosphate present, and in his method of determination some of the 
hexosediphosphate would be estimated as pyrophosphate rather than organic 
phosphorus. Considering this fact the figures are in satisfactory agreement. 


Table I. 

Phosphorus compounds of yeast . 



mg. P per g. yeast. 

English 
brewer’s veast 
3*25 

1*37 

0-68 

M7 

0*38 

0-72 

0*07 

From Lohmann [1928, 2] 

A. 

Total phosphorus 

Orthophosphate 

Pyrophosphate 

Organic phosphorus 
Hexosediphosphate 
Hoxosemonophosphate 
Nucleic acid* 

Baker’s yeast 
3-28 

1*61 

0-79 

0*88 

Brewer’s yeast 
3*00 

1*54 

0*69 

0*77 


* The precipitate of nucleic acid was washed well with water so that some may have been lost. 

The reaction of pyrophosphate with yeast preparations. 

The effect of adding pyrophosphate to a zyrnin fermentation was studied 
in the hope that it would throw light on the function of pyrophosphate in 
yeast. Pyrophosphate reacted in the same manner as orthophosphate but 
the delay in the reaction was a little longer. 
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The various amounts of phosphorus compounds present during the pro¬ 
gress of the reaction were estimated by extension of the methods previously 
described [Boyland, 1929]. The results of such an experiment (Table II and 
Pig. 1) clearly indicate that the first change after the addition of pyrophos¬ 
phate is the conversion of that salt into the orthophosphate, which then 
reacts in the usual way. Zymin and other preparations must therefore contain 
an active pyrophosphatase such as Kay [1929] has described as occurring in 
most mammalian tissues. The necessity for this conversion explains the 
slower liberation of carbon dioxide as compared with orthophosphate. 



P esterified 
CO a evolved 


Pyrophosphate 

Orthophosphate 


Time (minutes) 

Fig. 1. Fermentation of fructose by zymin in presence of pyrophosphate. 


Table II. The reaction of potassium pyrophosphate with fermenting zymin . 


2 cc. M K 2 H 2 P 2 0 7 added to 4 g. zymin in 25 ce. 10 % fructose solution. 


Tim© after 
addition of 

Pyrophosphate 

Orthophosphate 

Organic phosphate 

Carbon dioxide 

pyrophosphate 

present 
(miniatoins P) 

present 
(milliatoms P) 

formed 

liberated 

(min.) 

(milliatoms P) 

(millimols) 

1 

3-5 

0*18 

. . 


6 

1*2 

2*36 

0-13 

0*10 

15 

0*8 

0*98 

1-95 

1*24 

20 

05 

0*13 

311 

2*50 

35 

45 

01 

002 

3-57 

3*20 

0*1 

002 

3-57 

3*20 


Pyrophosphate IN FERMENTING YEAST JUICE AND ZYMIN. 

Yeast juice and zymin fermentations were carried out in the manner 
described in a .previous paper [Boyland, 1929] with and without added phos¬ 
phate and stopped in equilibrium by the addition of trichloroacetic acid. The 
amounts of orthophosphate, pyrophosphate and organic phosphate were then 
estimated in the trichloroacetic acid filtrate (Table III). 

It will be seen that no appreciable amount of pyrophosphate is formed in 
the reaction and that it can be neglected in calculating the ratio of phos¬ 
phorus esterified to carbon dioxide evolvedi 
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The constant amount of pyrophosphate which occurs and remains un¬ 
affected by pyrophosphatase in the reaction is probably combined with 
adenylic acid in the way that Lohmann [1929] has suggested that it occurs 
in muscle. 

Table III. Pyrophosphate in yeast preparations. 


A. Exp. 140. 5 cc. 0-5 M Na^HPO* added to 2 g. of acetone precipitate of yeast juice in 25 cc. 
10 % fructose solution with acetaldehyde (0-1 %) present. 

Phosphorus esterified 2*46 milliatoms 

Carbon dioxide evolved 2*40 millimols in 40 min. 

Pyrophosphate before addition 0*21 milliatoms 

„ after reaction 0*24 „ 


M K 2 HP0 4 added to 4 g. zymin in 25 cc. 10 % fructose solution (with 


Exp. 158. 5 cc 
acetaldehyde). 

Phosphorus esterified 
Carbon dioxide evolved 
Pyrophosphate before reaction 
,, after „ 

Nucleic acid before reaction 
,, after „ 


5*0 milliatoms 
4*9 millimols in 60 min. 
0*04 milliatoms P 
0*05 
002 
0*03 


The acetone precipitate of yeast juice. 

The deficiency in the amount of carbon dioxide liberated when phosphate 
is esterified by zymin fermentations is probably due to depression of the basic 
fermentation, owing to inhibition of the phosphatase, to an unknown extent. 
But when relatively small amounts of orthophosphate are added to fermen¬ 
tations the depression is small and under such conditions the carbon dioxide 
production approaches the theoretical amount. 

Confirmation of the equivalence of esterification and gas formation was 
obtained with a preparation of yeast juice which had no basic fermentation 
of its own but reacted to phosphate, if acetaldehyde was present. Such a 
preparation containing no phosphatase could not have its basic fermentation 
depressed in the same way as the fermentation of zymin. Although almost 
90 % of the phosphorus esterified was in the form of hexosemonophosphate, 
the carbon dioxide evolved was equivalent to the esterified phosphate. Results 
of typical experiments with such an enzyme preparation are given in Tables 
III a (for Na 2 HP0 4 ) and IY. This indicates that the carbon dioxide evolved 
by esterification of phosphate is exactly equivalent to the phosphate no matter 
which ester is formed. 


Table IV. The result of the reaction of pyrophosphate with a fermenting 
preparation of the acetone precipitate of yeast juice. 

Exp. 146 B. 5 cc. 0*6 M pyrophosphate added to 2 g. acetone precipitate in 25 cc. 10 % fructose 
solution. Results expressed in total millimols. 

1*68 millimols Na 4 P 2 0 7 (3*30 milliatoms P) were esterified and 3*12 millimols carbon dioxide 
were evolved in 60 min. 

This dry preparation of yeast juice made by precipitation with acetone 
as described by Buchner, E. and H. and Hahn [1903] was treated with alcohol 
and ether and finally dried in a desiccator over sulphuric acid. For experi¬ 
mental use the dry powder was ground up with sugar and water; insoluble 
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material was then removed by centrifuging. This removal of the insoluble 
material reduced the basic or hydrolysis rate of fermentation to a considerable 
extent, so that it would appear that hexosephosphatase is more readily 
removed by this treatment than are the other enzymes of zymase. 

A preparation is thus obtained which has no hexosephosphatase but 
reacts with pyrophosphate in the presence of sugar and acetaldehyde. As 
pyrophosphate is hydrolysed before it reacts in this way, the preparation 
must contain a pyrophosphatase, and pyrophosphatase must therefore be a 
separate enzyme, distinct from hexosephosphatase. 

Kay [1929] suggested that the pyrophosphatase action of mammalian 
tissues was probably due to orthophosphatase, although Lohmann [1928, 3] 
had shown that pyrophosphatase had a lower optimum p n (7*0) than has 
orthophosphatase (p H 9-0). This difference in optimum hydrogen ion con¬ 
centration for the two enzymes supports the conclusion drawn above, that 
pyrophosphatase is a distinct enzyme. 

Summary. 

1. A method for the separation of hexosediphosphate and pyrophosphate, 
depending on precipitation of barium pyrophosphate in dilute solution is 
described. 

2. Pyrophosphate occurs in living yeast and forms about a quarter of 
the total phosphorus of yeast. 

3. When pyrophosphate is added to fermenting zymin it is rapidly hydro¬ 
lysed to orthophosphate which reacts in the usual wav, hexosephosphates 
being formed and carbon dioxide liberated. 

4. A preparation of the acetone precipitate of yeast juice did not ferment 
sugar (having no hexosephosphatase), but in the presence of acetaldehyde 
reacted with both ortho- and pyro-phosphate to liberate the theoretical 
amount of carbon dioxide and form 90 % hexosemoriophosphate. This pre¬ 
paration must contain pyrophosphatase, which therefore would seem to be 
distinct from hexosephosphatase. 

In conclusion 1 should like to thank Prof. A. Harden and Dr R. Robison 
for their help and criticism. 
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XLI. NOTE ON THE DETERMINATION OF 
TOTAL CALCIUM IN BLOOD-SERUM. 

By JOCELYN PATTERSON. 

From the Biochemical Department , Charing Cross Hospital 

Institute of Pathology , London . 

(Received February 27th , 1930.) 

In a recent paper by Hendriks [1929], in which the application of the method 
of Trevan and Bainbridge [1926] to the determination of the total calcium 
of blood-serum was examined, certain discordant (low) results were attributed 
to a failure to adjust the heating conditions by which the calcium in the form 
of oxalate is converted to carbonate. Overheating leads to the formation of 
oxide which is difficultly soluble in the concentration of acid (A T /100) used in 
the titration, while, on the other hand, underheating leaves some unchanged 
oxalate. In each case the final result will be low. 

It seems both from the experience of Hendriks and that of the present 
author that the only weakness in an otherwise admirable method lies in the 
fact that the original authors did not lay down the aforementioned heating 
conditions in terms which would make them readily reproducible by other 
workers. However it was found that this defect could be overcome quite 
easily, and the method of Trevan and Bainbridge, as modified, has been 
used in this laboratory as a routine method practically from the time of its 
publication with entirely satisfactory results. It may therefore be of interest 
to record the modified procedure. 

Following the original method of precipitation and washing of the oxalate 
precipitate, the remainder of the process was carried out in two stages. 

(1) Drying . The special hard glass tube in its wire holder is kept inclined 
at a slight angle mouth downwards and laid on a pipe-clay triangle standing 
on a piece of plain iron-wire gauze stretched over a tripod, so that the tube 
is supported at a height of about 1| inches above the level of the gauze. To 
provide a bed and a slope for the tube, a slight depression is filed in one side 
of the triangle, the mouth being over this depression while the conical end is 
supported over the opposite apex. Drying is begun by heating with a Bunsen 
burner placed under the gauze with the flame directed towards the open end 
of the tube, the heat then being taken gradually along to the closed end. 
Once the tube is dry the heating is increased to drive off the major portion 
of the ammonium oxalate. 
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(2) Ignition . To complete the process the tube is laid directly on the gauze 
itself, and the heating continued along its whole length and especially near 
the point where the calcium is packed. A period of about 5 minutes is allowed 
for this stage. The conversion to carbonate is accomplished well within this 
time, and with the gauze interposed no possibility exists of the process being 
carried too far, even though the Bunsen flame be used at its hottest intensity. 
It is both unnecessary and detrimental to heat in the naked flame. 

For titration the acid is added (0-5 cc. of A/50 is preferred to 1 cc. of 
Nf 100 acid in that it provides for readier solution) without disturbing the 
solid particles, and with a thin glass rod slightly flattened at the tip, the 
carbonate while remaining at the bottom of the tube is ground as far as 
possible to a fine powder. In this form it goes almost instantly into solution 
when stirred into the acid. 

The reliability of the above conditions may be illustrated by the following 
results. 

(1) Solution containing 10 mg. Ca per 100 cc. 

Mg. Ca per 100 cc. found: 9-93, 9*84, 10*01, 9*90, 10*02. 

This series was obtained from a single sample by reprecipitating at the 
end of the first titration with ammonium oxalate, and repeating the whole 
process to the second and subsequent titrations. 

(2) Normal blood-serum. 

Mg. Ca per 100 cc. found: 10*23, 10*33. 

Clark and Collip's method [1925]: 10*09. 

The figures show only a slightly greater deviation from the mean than 
those quoted by the original authors, but such increased experimental error 
as does exist may be justly ascribed to the fact that the results recorded here 
have been obtained under essentially routine conditions, and without doubt 
could be still further improved with greater attention to the finer points of 
the technique. 

Summary. 

Some improvements are suggested in the technique of the Trevan and 
Bainbridge method for the determination of the total calcium of serum. In 
particular a simple modification of the heating conditions is described which 
brings the oxalate-carbonate conversion under complete control. 
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The problem of the inherent stability of the protein molecule is one which 
has often been discussed, but upon which very little definite evidence is 
forthcoming. 

When the colloid protein particle is envisaged as a complex amino-acid 
structure, there emerges the possibility that this structure may be subject to 
change. Changes in the surrounding conditions may produce changes in the 
internal structure, which in their turn would lead to alterations in the external 
behaviour of the molecule. 

The fact that such external changes do occur may be instanced by the 
fall in viscosity, and ultimate loss of gelling power, of gelatin solutions on 
heating, but the occurrence of internal changes, whether related or not to 
external behaviour, is not so readily observed. This is to be ascribed largely 
to the lack of suitable analytical methods. 

In recent years, however, Linderstrom-Lang [1929] claims to have shown 
for caseinogen, and Schryver and his co-workers for gelatin, that there is 
evidence of an almost continuous variation in chemical composition, de¬ 
pendent upon conditions of treatment of the protein. An analogous series of 
changes has been shown to occur in the denaturation of ovalbumin by Mastin 
and Schryver [1926]. 

One of the analytical methods available is the precipitation of a portion 
of the nitrogen of the hydrolysed protein with phosphotungstic acid. This 
nitrogen is generally ascribed to the diamino-acids, but it will be shown that 
this involves something of an assumption, and it is desirable provisionally to 
consider this fraction simply as the nitrogen precipitated by phosphotungstic 
acid, without assigning to it any theoretical basis. 

It was shown by Knaggs [1923] that if gelatin be allowed to stand in cold 
acid before hydrolysis, the amount of nitrogen which is precipitated by 
phosphotungstic acid in the hydrolysate increases. Increases varying from 
4 to 10 % on a total of 20*4 % were obtained by treating the gelatin with 
cold HC1 for 48 hours and afterwards throwing into boiling 20 % HCL 
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Schryver and Thimann [1927] found that the soluble gelatin produced when 
the purified protein is flocculated from alkaline solutions does not show this 
effect, while the insoluble form—produced at the same time—does. In the 
same way, gelatin which has been brought permanently to the sol form by 
heating with water shows no rise in the nitrogen of the precipitate when it 
is similarly treated with cold acid before hydrolysis. The rise in the nitrogen 
precipitated by phosphotungstic acid, brought about by treatment with acid 
before hydrolysis, is therefore not constant but varies with the type of protein 
and with the conditions. 

Thornley [1927] showed that the amount of increase varied with the 
strength of cold acid with which the gelatin was treated, and obtained a 
curve with a maximum rise of 5*8 %, corresponding to 2*5 jV cold HC1. In 
very strong acid a slight decrease took the place of an increase. Schryver 
and Buston [1927] traced the increase in this phosphotungstic precipitate to 
quantities of additional lysine; they found an increase of 1-6 % of ordinary 
lysine and 4*1 % of dMysine over the amounts present in gelatin hydrolysed 
in the normal way. 

Daft [1929], however, published results which disagreed with the above 
and which apparently showed that no rise was produced by treatment of 
gelatin with cold acid before hydrolysis. In his experiments the gelatin was 
hydrolysed with and without pre-treatment with cold acid, and the nitrogen 
precipitated by phosphotungstic acid was shown to be constant. In the 
course of these experiments, however, the gelatin was heated with water (for 
a length of time which is not stated), before treatment with cold acid, and 
this may have seriously modified the results. It has, in fact, been observed 
by Knaggs and Schryver [1924] that boiling with water increases the non- 
amino-nitrogen of gelatin. Daft has therefore compared the value for the 
nonamino-nitrogen of the heated gelatin used in his experiments with that 
of the original gelatin before heating, and has shown that there is no great 
difference in the figures; he has thereupon assumed that his gelatin could 
not have been materially altered by this treatment. On the other hand, his 
value for the nonamino-nitrogen, 27 % as determined by the Van Slyke 
method, does not agree with the 12 % quoted by Knaggs and Schryver, and 
it is therefore possible that his gelatin had already been heated with water 
in some way before use, so as to increase the nonamino-nitrogen to a value 
which would remain unchanged on further heating. Now it has been shown 
[Thornley, 1927] that gelatin which has been boiled with water for 24 hours 
no longer gives a rise in phosphotungstic acid precipitate after standing in 
cold acid. Daft’s gelatin may therefore have been boiled with water for a 
sufficient time to produce this effect. No information is given as to the source 
of his gelatin, or as to the methods adopted for its purification, so that it is 
impossible to determine how far this criticism affects his figures. Another 
point with reference to this work is discussed later (p. 366). 

Whether this be the correct explanation or not of the disagreement 
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between the results of Daft and those previously published, it was obviously 
desirable to reinvestigate the whole matter, for the existence of similar dis¬ 
crepancies has already been noted by other workers. Thus, Knaggs and 
Schryver [1924] found in one experiment that treating gelatin with cold 
N HC1 produced no rise in the nitrogen precipitated by phosphotungstic acid, 
but only a rise in the nonamino-nitrogen. Thornley, on the other hand, 
obtained a considerable rise by treatment with cold N HC1. A careful 
examination of the method of analysis brought to light certain causes for 
variation in the amount of nitrogen precipitated bv phosphotungstic acid. 

(a) Different samples of phosphotungstic acid were found to produce 
slightly different amounts of precipitate; the crystalline acid of Kahlbaum 
yielded higher figures than the amorphous compound prepared in the 
laboratory both for gelatin and for pure arginine. 

(b) Heating in the autoclave before precipitation, as recommended by 
Knaggs, was shown to cause a steady fall in the amount of nitrogen in the 
precipitate, varying with the time of autoclaving. 

(c) The temperature at which the amide-nitrogen is determined has also 
a slight effect. 

These factors are dealt with below. 

None of the differences caused by these experimental variations was, 
however, great enough to account for the discrepancies observed, and attention 
was therefore directed to the concentration of nitrogen in the solution. The 
influence of this factor has long ago been noted [Thimann, 1926; Kernot and 
Knaggs, 1928], but early experiments had indicated that, if the concentration 
were kept within certain limits, constant values could be obtained. Those 
experiments were carried out, however, at relatively high concentrations, 
using the macro-method. The more convenient micro-method involves more 
dilute solutions of the amino-acids, and investigation of the effect of changes 
in the nitrogen concentration showed that under these conditions the amount 
of phosphotungstic acid precipitate varied almost continuously with the 
concentration of nitrogen. A single determination of this phosphotungstic 
precipitate therefore means nothing, and it is essential to plot the curve of 
‘* nitrogen concentration ’’ against ‘‘ percentage nitrogen precipitated J ’ in 
order to obtain figures of any value. If this is done, curves are obtained which 
are characteristic of the protein used and are highly sensitive to differences 
in the treatment of the protein before hydrolysis. They therefore form a 
valuable means for comparison, and further afford definite evidence of the 
ready occurrence of intramolecular changes in gelatin under various treat¬ 
ments. 


Method. 

The micro-method adopted has already been described [Thimann, 1926], 
and the only modification introduced is in regard to the amide-nitrogen (see 
p. 360). The gelatin gel was warmed to 40°, made up to 15 cc. with water, 
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and poured into 15 cc. boiling cone. HC1, so as not to interrupt the boiling. 
Hydrolysis was continued for 21 hours under a hang-in reflux condenser, the 
liquid rapidly cooled, 10 cc. samples were pipetted off and total nitrogen was 
determined on the remainder. The 10 cc. samples were evaporated in vacuo 
to remove acid, and diluted. 

Determination of the amide-nitrogen . 

2 cc. 10 % NaOH and 1 drop 1 % phenolphthalein were added, 1 : 1 
H 2 S0 4 was run in drop by drop till the solution was just acid, and 2 % NaOH 
added till just alkaline, as previously described. The liquid was transferred 
with washing to the Parnas and Wagner distillation apparatus and the 
ammonia distilled off in steam into Nj 70 H 2 S0 4 . Four minutes’ distillation, 
followed by half a minute’s steaming with the Nj 70 acid lowered from the 
nozzle were sufficient. The liquid was allowed to suck back into the trap and 
the apparatus washed out three times with vigorous shaking. The liquid was 
finally re-acidified with one drop H 2 S0 4 , evaporated down, and precipitated 
with phosphotungstic acid at 0°, as previously described. 

Comparison was made with the aspiration method, both in regard to the 
amide-nitrogen and the phosphotungstic precipitate, in case the treatment 
with boiling alkali should have affected the latter. Gelatins of high amide 
content, and also gliadin, were used, to obtain better comparison (Table I). 




Table I. 




Amide-N determined at 100° (4 min.). 

Amide-N determined at 40° (90 min.). 

Gelatin 1 
Gelatin 2 
Gliadin 

Amide-N 

0/ 

/o 

3- 20 

4- 39 
20-75 

N in phosphotungstic 

PPt-* 

o/ 

/o 

14-98 

14-90 

Amide-N 

0/ 

/o 

2- 58 

3- 70 
26-30 

N in phosphotungstic 
P pt.* 

/o 

15-80 

15-24 


All values represent the mean of two determinations. 



* Low diamino-figures because dilute solutions used. See latter half of paper. 


The boiling method therefore yields a higher value for the amide-nitrogen, 
lowering the N in the phobphotungstic acid precipitate by approximately the 
same amount. There is no reason, however, to believe that the lower figure 
is the more correct. If boiling with alkali drives off any nonamide-nitrogen, 
the amino-acids so decomposed should be arginine and cystine. Since gelatin 
contains no cystine, experiments were carried out with pure arginine. Dis¬ 
tillation by boiling for 4 iminutes, even with 40 % NaOH, however, yielded 
an amount of ammonia scarcely higher than the blank value. (The possi¬ 
bility of the partial scission of arginine into ornithine and urea, however, 
should not be overlooked (cf. following communication).) It is therefore safe 
to assume that no true diamino-nitrogen is distilled off under these con¬ 
ditions, and since the boiling method is quicker and provides closer agreement 
between duplicates it was used throughout. 
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Temperature of precipitation with phosphotungstic acid. 

Daft states that precipitation in the cold yields a precipitate difficult to 
manipulate, and that the results were erratic, and recommends precipitation 
in the hot, followed by cooling. Comparison of the two methods, however, 
failed to yield any evidence for this statement, since the precipitates obtained 
in the two pairs of experiments carried out were identical in appearance and 
consistency, so far as could be ascertained, and also in nitrogen content 
(Table II). 

Table II. 


N 

Amide 

Phosphotungstic ppt. 

Filtrate 

Total 


Precipitated hot 
o/ 

/o 


1-75 

20-49 

78-57 

100-81 


Precipitated at 0° 

% 

1-73 

20-58 

76-57 

98-88 


All values represent the mean of two determinations. 


The discussion of Daft on the experimental procedure introduces no other 
fresh considerations, the effect of salts having been already pointed out 
[Thimann, 1926]. 

Effect of autoclaving before precipitation. 

The rise in phosphotungstic acid-nitrogen produced by treating gelatin 
with acid before hydrolysis was ascribed by Knaggs [1923] to formation of 
a difficultly hydrolysable peptide. This peptide was said to be destroyed by 
heating under pressure at 120° with 5 % H 2 S0 4 for 2-3 hours before precipi¬ 
tation. Since the bulk of the increase has been shown to be due to lysine and 
not a peptide, the effect of autoclaving seemed to call for explanation, par¬ 
ticularly as it undoubtedly does lower the amount of nitrogen in the phospho¬ 
tungstic acid precipitate. Check experiments were therefore carried out on 
a synthetic mixture of amino-acids which contained arginine, proline, and 
glycine. 10 cc. samples containing 5 % of H 2 S0 4 were pipetted into short 
tubes, plugged with cotton wool, and autoclaved at 130° (Table III). 


Table III. 

Time of autoclaving (hrs.) 0 2-5 5-5 



mg. 

0/ 

/o 

mg. 

O' 

,o 

mg. 

% 

N in precipitate 

N in filtrate 

1-22 

20-58 

MG 

19-68 

1-04 

17-63 

4-71 

79-47 

4-72 

80-07 

4-82 

81-70 

Total N 

5-91 

100-05 

5-88 

99-75 

5-88 

9933 


All values represent the mean of two determinations. 


These experiments indicate that, quite apart from peptide-nitrogen, pre- 
cipitable nitrogen of the true diamino-type is slowly destroyed by heating in 
the autoclave with 5 % acid. The use of this process is therefore not desirable, 
though the point might with value be subjected to a more complete investi¬ 
gation. 
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Effect of differences in the phosphotungstic acid used . 

Three samples were investigated. 

Sample A , prepared in the laboratory some time ago. 

Sample B, freshly prepared. Both A and B had been prepared according to 
the standard method and thoroughly extracted with ether. They were 
amorphous white powders, whose solutions rapidly turned purple on standing. 
Sample A also yielded a slight deposit on long standing. 

Sample C (Kahlbaum), was greenish and crystalline; its solutions became 
only faintly purple on standing. 

The nitrogen content of the solutions was very low, being almost entirely 
due to the sulphuric acid used. For the 10 cc. of 2*5 % wash-liquid a blank 
of 0*12 cc. N/70 acid was obtained, while for the 3 cc. of 20 % precipitant the 
value was negligible. 

10 cc. of a solution of pure arginine, containing 5% H 2 S0 4 , were used 
for comparison. In duplicate experiments the precipitates were (a) centrifuged 
and then incinerated directly; (6) washed on the centrifuge four times with a 
total of 10 cc. of 2*5 % wash-liquid. The first gives a measure of the maximum 
precipitation possible, and the second the amount of precipitation which 
would be obtained under standard experimental conditions, since this is the 
usual procedure (Table IV). 

Table IV. Arginine solutions. 

Precipitates centrifuged without washing. 

Sample A 



Fresh 

solution 

3-months-old 

solution 

containing 

deposit 

Sample B 

Sample C 

% N in ppt. 

% N in filtrate 

86-4 

83*7 

89*6 

90*1 

13*6 

16*2 

10-4 

9*9 

% N in ppt. 

% N in filtrate 

Precipitates washed with 10 cc. wash-liquid. 

68*3 61*3 74*3 

74*6 

31*7 

38*7 

25*6 

254 


Ail values represent the mean of two determinations. 



The use of stronger solutions of phosphotungstic acid, or larger volume of 
precipitant, gave in general lower values, though the differences were slight; 
the above amount, 3 cc. of 20 % solution, was therefore adhered to. It will 
be seen that the Kahlbaum acid and the freshly prepared laboratory material 
are identical within the ordinary limits of error, while the loss of efficiency 
in the old sample is considerable. Further comparison with gelatin hydro¬ 
lysates showed a distinct balance in favour of the Kahlbaum acid, which was 
accordingly employed hereafter. 

Table V. Gelatin hydrolysate. 


Sample B Sample 0 

N % % 

Amide 2-06 2*07 

Phosphotungstic ppt. 16-34 18*20 

Filtrate 81*21 78*82 

Total 99*61 99*09 
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It is not easy to assign reasons for the varying efficiency as precipitants of 
samples of phosphotungstic acid, but no doubt in such a complex molecule 
considerable differences in composition are possible, and even an ageing effect 
such as is observed above is not without precedent in inorganic materials. 

Importance of the concentration of nitrogen. 

It was stated above that earlier (unpublished) experiments showed that 
within certain limits the amount of nitrogen precipitated by phosphotungstic 
acid was independent of the concentration of nitrogen. These experiments 
were, however, carried out with Coignet’s Gold Label gelatin, the use of 
which was afterwards discontinued on account of its uncertain origin. Further, 
the experiments were conducted under slightly different conditions and 
without the precautions shown since (and herein) to be of importance. The 
present experiments were carried out with a gelatin guaranteed to be pre¬ 
pared only from bone, and kindly supplied by Messrs Nelson, Dale and Co., 
of Warwick, to whom I wish to express my thanks. 

As soon as precipitations had been carried out with this gelatin at different 
nitrogen concentrations, it became obvious that the principal source of dis¬ 
agreements lay therein. The curve, Fig. 1, shows the precipitation charac¬ 
teristic of this gelatin, compared with that of Coignet’s Gold Label gelatin 
purified by flocculation, and it is clear that the former yields no flat range 
within the limits of concentration used (Table VI). 

Table VI. 

N. I), and Co., Bone gelatin Coignet gelatin (purified) 


Mg. N in 10 cc. 
solution 

4-67 

7*97 

10-77 

27-19 

38-86 

42-07 

5-45 

9-32 

16-28 

31-16 

Amide-N (%) 

“ Diamino ”-N 

100 

15*89 

218 

18-72 

1-89 

23-34 

1-05 

24-53 

2-01 

22-48 

1-74 

20-54 

2-19 

16-61 

1-77 

19-66 

1*58 

22-38 

1-59 

22-75 

\ /of 

Filtrate-N (%) 

83-71 

78-29 

75-35 

73 20 

75-85 

77-57 

81-49 

78-64 

76*72 

74*70 

Total N (%) 

101*20 

99-19 

100-58 

99-38 

1(K)-34 

99*85 

100-29 

100*07 

100-68 

99*04 


Effect of acid on gelatin. 

It was shown in the previous communication of this series [Schryver and 
Thimann, 1927] that if gelatin be dissolved in water, the solution made acid, 
and a potential difference applied across the solution, the gelatin is precipi¬ 
tated from solution as a gel instead of a white flocculum. Gelatin so treated 
has therefore been actually dissolved in acid and reprecipitated therefrom, 
and it is to be expected that the effect of acid applied in this way would be 
more complete than that produced by merely placing the dry solid in acid 
solutions for a corresponding length of time. In the latter case the effect will 
be modified by the relative ease with which the acid diffuses into the gelatin, 
i.e. probably by the water content of the gelatin. The effect may, of course, 
not be identical with that produced by the mere contact of the gelatin with 
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acid; if, however a change is produced at all, it would be reasonably antici¬ 
pated to occur in this case. Experiments were therefore carried out on the 
flocculation of gelatin from acid solutions. 

The gel so produced was shown in the paper quoted above to possess 
properties differing from those of the flocculum obtained from neutTal or 
alkaline solutions. Chemical differences were therefore to be expected. 



Mg. N por cc. of hydrolysate 
Fig. 1. Precipitation curves of gelatin. 

Experimental . 

The general procedure was as follows. 500 cc. of 1*5 % solution of the 
bone gelatin in water at 40° were brought to p B 3 by addition of 60-70 cc. 
N HC1 and electrolysed between collodion-muslin membranes. The outer 
vessels were supplied with slowly running freshly boiled distilled water, into 
which *Wnch square platinum foil electrodes dipped. A p.d. of 50 volts, i.e. 
about 2 volts per cm., was applied until the current began to fall from the 
original 5 to 2-3 milliamp. The p.d. was then slowly raised to 200 volts. 
After 10-12 days the current had fallen to 1 milliamp., and the p n of the 
anode liquor had returned fco 6-7. The stiff gel was removed, dissolved at 40° 
in 50-100 cc. water according to the dilution required, and cooled. For each 
hydrolysis the gel was warmed quickly to 40°, the required volume poured 
into 15 cc. boiling concentrated HC1, and water added if necessary to bring 
the volume of hydroly&ate to 30 cc. The gelatin was preserved cold, under a 
layer of toluene. Samples having thus been removed for analysis, the remainder 
of the gel was redissolved in water at 40°, again acidified to p K 3 and the 
flocculation repeated. On the second and subsequent occasions the resistance 
of the now salt-free gelatin solutions was considerably higher, and after passage 
of 1000 coulombs the final current fell below 0*2 milliamp. at 200 volts. In 
each case the gelatin was precipitated at the cathode membrane in the form 
of a stiff 10 % gel. 
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The Hausmann numbers of the gels were determined at several nitrogen 
concentrations. The amide-nitrogen varied irregularly between 1*5 and 2*0 %, 
although agreement between duplicates was close. The variation in the 
nitrogen precipitated by phosphotungstic acid 1 is shown by curve B in 
Fig. 2. Curves C, D and E give the variation for the same gelatin after the 
second, third and forth flocculation respectively from acid solution. 



Mg. N per cc. of hydrolysate 
Fig. 2. Precipitation curves of acid-flocculated gelatin. 

Some attempt to arrive at an interpretation of these curves has been 
made (see following communication), but at this point it will be sufficient to 
note that they indicate a continuous change in the amount of nitrogen pre¬ 
cipitated, and a considerable difference from the original bone gelatin, the 
curve of which (A) is given for comparison. 

When gelatin is flocculated from neutral or alkaline solutions it is obtained 
as a white hydrated flocculum, and it was thought to be of interest to compare 

1 An explanation of the unusually low values shown on curve B is given in the following paper. 
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this with the gels obtained above. A quantity of the crude bone gelatin was 
therefore dissolved to 1*5 % solution, brought to p R 9 with KOH, and 
flocculated in the same way as the acid solutions but with the polarity re¬ 
versed. Fig. 3 shows the curve ( F) obtained with this preparation, compared 
with that given by the gelatin flocculated once from acid (B). 

Comparison with other workers . 

A word must be added here with regard to the concentrations of nitrogen 
used by other workers. The amount of gelatin used by Thornley [1927] 
coresponds to 5-6 mg. N per 10 cc., and it will be seen that although this 
falls on the steeply rising portion of the curve, yet even at this point quite 
definite differences should be experimentally observable between ordinary 
gelatin and that treated with acid before hydrolysis. The amount used by 
Daft, however, corresponds to 76-5 mg. per 10 cc., which lies altogether 



Fig. 3. Precipitated curves of acid- and alkali-flocculated gelatin. 

outside the scale of magnitudes possible for the micro-method. It should, 
however, be noted, that the slope of the curves of Fig. 3, if extrapolated, 
indicates for this concentration an approximate value for the nitrogen pre¬ 
cipitated by phosphotungstic acid of 20 %: the value given in Daft’s experi¬ 
ments averages 16-5 %. precipitated at 18°. This figure must be corrected to 
0°, to correspond with those quoted here and this may be done by using his 
own figure of 2-5 % as the difference between the precipitates obtained at 
0° and 18°. We thus obtain 19 % as the corresponding value at this concen¬ 
tration. It is therefore clear that Daft’s figures lie close to the general curve, 
and, since these curves all appear to follow the same course at these high 
concentrations, no differences due to acid pretreatment in analyses carried 
out at these concentrations would be expected. This constitutes yet another 




DIAMINO-NITROGEN OF GELATIN 


367 


reason for believing that this worker’s results in no way disagree with those 
obtained by Schryver and others, previously quoted. 

As was pointed out above, it has not been possible to repeat the analyses 
quoted by Daft, since no indication is given by him as to the nature and source 
of the gelatin used or its purification. Since the values obtained by him 
probably coincide with the curves as mentioned above, however, such 
repetition is scarcely necessary. 

Summary. 

1. An investigation has been made of the reasons for the discrepancies 
between the results of different workers in regard to the amount of nitrogen 
precipitated from gelatin hydrolysates by phosphotungstic acid. 

2. Differences in the precipitating power of different samples of phospho- 
tungstic acid are shown to be responsible for subsidiary variations in this 
nitrogen. 

3. Heating with 5% sulphuric acid in the autoclave before precipitation 
destroys part of the precipitable diamino-nitrogen of arginine, and is therefore 
to be avoided as a step in the analysis of protein hydrolysates. 

4. The amount of nitrogen precipitated by phosphotungstic acid varies 
almost continuously with the concentration of nitrogen in the solution, and 
in this fact lies the principal source of the discrepancies. 

5. Curves showing the variation in the nitrogen precipitated with the 
concentration of nitrogen used must be substituted for single determinations 
in order to characterise the protein investigated. 

6. Such curves clearly prove that treating gelatin with acid before hydro¬ 
lysis profoundly affects the amount of nitrogen precipitated by phospho¬ 
tungstic acid. 

7. The protein molecule must, therefore, be regarded as an extremely 
labile structure. 

8. A rapid method for the determination of the amide-nitrogen is 
described, and its effect on the subsequent precipitation with phosphotungstic 
acid is determined. 

This work was done during the tenure of a Beit Memorial Fellowship, 
and part of it was carried out in collaboration with Dr A. B. P. Page, for 
whose assistance the author’s best thanks are due. To the late Prof. Schryver, 
in whose laboratory the research was carried out, the author is most deeply 
indebted. 
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Although the fact has long been known that the diamino-acids are precipi¬ 
tated from solution by the addition of phosphotungstic acid, very little appears 
to be known as to the actual mechanism of the reaction. This is the more 
remarkable since the precipitation has been so widely used in biochemical 
research. 

The effect of phosphotungstic acid on arginine was first studied by 
Gulewitsch [1899] who showed precipitation to be most complete in 5-7 % 
H 2 S0 4 , in which the solubility amounted to 70 mg. arginine per litre. He 
pointed out that “the composition of the arginine phosphotungstate can be 
different if the conditions of precipitation are different, especially if a mineral 
salt is present/’ Advocated as an analytical method for the estimation of 
the bases by Hausmann [1899] and modified by Osborne and Harris [1903] 
and others, the method has thus been in use for some 30 years. Osborne, 
Leavenworth and Brautlecht [1908] showed that the phosphotungstic acid 
precipitate agreed approximately with the amount of diamino-acids ob¬ 
tainable from the protein hydrolysate by other means. There were, however, 
one or two notable exceptions, and the application of later refinements in 
the technique of the isolation of amino-acids would undoubtedly reveal many 
more. Thus, Gortner and Sandstrom [1925], working with a synthetic mixture 
of amino-acids, showed that precipitation wtis almost invariably too high, even 
after boiling the mixture, unless proline and tryptophan were both absent. 
Van Slyke’s [1911] division of the nitrogen in the precipitate into arginine, 
histidine, cystine and lysine does not, of course, take account of the possible 
presence of other amino-acids in the precipitate; proline, for example, would 
be estimated as histidine. 

Wechsler [1911] and Drummond [1918] carried out analyses of some of 
the phosphotungstates, whose general formula was shown to be A z , SH^PO*, 
24W0 8 , 4- H a O in some cases, where A is the molecule of basic amino-acid. 
Drummond found the conditions of optimum precipitation for a dilute solu¬ 
tion of histidine as being with 5 % BySO* (confirming Gulewitsch), and with 
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6-9 g. phosphotungstic acid per 100 cc. of resulting solution. Even under 
these conditions, however, 7 mg. N per 100 cc. remained unprecipitated, a 
solubility almost as high as that quoted in the same paper as the solubility 
in water, and four times as high as the minimum found by the present author 
(p. 374). It is evident that optimum precipitation conditions had not been 
attained. This may have been due to his use of an impure sample of histidine, 
or to failure to wash the precipitate with 2-5 % phosphotungstic acid solution. 

R6le of the basic amino-acids and proline . 

There seems little doubt that the basic amino-acids are of the greatest 
importance in the structure of the protein molecule. Changes occurring in 
the latter appear to be reflected in, if not due to, changes in the content and 
proportion of these bases. Examples of such changes have been given by 
Schryver and Thimann [1927], Thimann [1926], Thornley [1927], Linderstrom- 
Lang [1929], Knaggs [1929] and others. 

Arginine has been considered by Kossel [1896] to act as the nucleus of 
the protein molecule, and a number of existing figures for the arginine content 
of proteins has been collected by Larmour [1928] to show the dependence of 
the amount of basic nitrogen on the amount of arginine in the molecule, and 
hence the governing importance of the latter. This is held to confirm Kossel’s 
theory. Determinations of the amount of arginine are of necessity somewhat 
inaccurate, where protein hydrolysates are concerned, for two reasons. In 
the first place its precipitation by phosphotungstic acid is incomplete, as was 
pointed out by Gulewitsch [1899] and again by Plimmer and Rosedale [1925]. 
In the second place, in experimental procedure involving treatment with 
alkali, as in the determination of the amide-nitrogen of hydrolysates, the 
possibility of its decomposition has to be considered. Treatment with 50 % 
alkali, as in the Van Slyke procedure, yields ammonia, but only after 6 hours’ 
boiling, so that this reaction need hardly be taken into account. Schulze 
and Winterstein [1901], however, showed that after 1 hour’s hydrolysis with 
dilute alkali a 40 % conversion to ornithine and urea takes place. Although 
both these substances are precipitated by phosphotungstic acid, their pre¬ 
cipitation in all probability takes place under different conditions from that 
of arginine, and the solubility of their phosphotungstates is certainly different, 
so that not only the arginine figures, but also the total phosphotungstic acid 
precipitate, would be affected. Since the hydrolysate is in fact treated with 
warm alkali for a short time the occurrence of this reaction is probable. This 
may perhaps act as a subsidiary cause for the variation of the ammonia- 
nitrogen also, though Henriques and Gjaldbak [1910] attribute this mainly 
to deamination of some of the amino-acids, notably cystine. 

Lysine is the seat of the bulk, at any rate, of the free amino-nitrogen of 
proteins, its €-amino-group, which is free, being readily removed by nitrous 
acid, as was shown by Dunn and Lewis [1921]. It is, however, improbable 
that such deamination ever occurs in the ordinary way, since the product 
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which would result, a-amino-c-hydroxycaproic acid, has not been isolated 
from the products of protein hydrolysis. It may, of course, if present in small 
amount, have been overlooked, and its isolation in the future would be a 
matter of interest. Whether deamination occurs or not, the free nature of 
the c-amino-group gives to lysine a unique importance in the protein molecule, 
and renders it probable that this amino-acid would be associated in some way 
with any intramolecular change that takes place. Its appearance in increased 
amount in gelatin which has been treated with acid [Schryver and Buston, 
1927], supports this view. These workers obtained the bulk of the increase in 
the racemised or d7-form, but this, of course, may be merely a result of the 
method of isolation, which involved treatment with baryta and other possible 
racemising agents. Such racemisation is not without precedent, moreover, 
since Gulewitsch [1923] obtained racemic arginine among the products of 
gelatin hydrolysis, and ascribed the racemisation to the sulphuric acid used 
for hydrolysis. 

Further evidence in support of the importance of this free NH 2 -group is 
adduced by Hofmann and Gortner [1925] and Gortner [1927], who have 
shown that the combination between protein and acid dye takes place in 
stoichiometrical relation to the lysine-N + J of the arginine-N, between 
certain p H limits. Greenberg and Schmidt [1924] have in the same way 
compared the amount of combination with acid, calculated on this basis, 
with that actually found, for caseinogen, gelatin and gliadin, and obtained 
satisfactory agreement. Hitchcock [1923] showed that when gelatin was 
deaminised the reduction in combining capacity was exactly equivalent to 
the loss of amino-N. Much has been published on this point. Since the free 
amino-N, and therefore the lysine, of gelatin is thus responsible for its 
chemical combination with acids, it is to be expected that the results of acid 
treatment of gelatin would be closely connected with the lysine content. It is 
therefore not surprising to find, as will be shown herein, that a large part of 
the variations in the amount of nitrogen precipitated by phosphotungstic 
acid in gelatin which has been treated with acid may be ascribed to variations 
in the lysine content. 

The consideration of cystine has been deferred to a later date, since the 
bulk of these researches have been concerned with gelatin, from which cystine 
is absent. 

Proline is of importance because under such conditions it may be precipi¬ 
tated by phosphotungstic acid, as was pointed out by Gortner and Sandstrom 
[1925]. Very few data relating to proline are to be found in the literature, 
and even those are chiefly derived from impure preparations, since it has 
only recently been obtained in a pure state by Kapfhamer and Eck [1927] 
and by Town [1928]. Its phosphotungstic acid precipitate is readily soluble 
in excess of phosphotungstic acid, and a permanent precipitate can only be 
obtained with concentrated solutions, or if the phosphotungstic acid is taken 
up by diamino-acids in the solution, so as to leave just sufficient to precipitate 
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the proline. If the amount of diamino-acids were increased beyond this point, 
the total percentage precipitation obtained would decrease again, since there 
would not then be sufficient excess of phosphotungstic acid to precipitate these 
acids completely. For complete precipitation of the basic amino-acids an 
excess of the order of ten times their weight of phosphotungstic acid is re¬ 
quired. Gulewitsch [1899] gives 12-14 times. This amount would suffice to 
redissolve the bulk, at any rate, of the proline, so that if the diamino-acids 
are completely precipitated, the proline is probably not, and vice versa. 

The precipitation of any considerable percentage of proline would therefore 
take place only within certain limits of nitrogen concentration and at a certain 
ratio of proline to other amino-acids. Slight precipitation, however, probably 
takes place at most concentrations. 

Variations in the precipitation of histidine with phosphotungstic acid do 
not seem to have been mentioned in the literature. No evidence of variation 
was obtained in the present work. Its phosphotungstate is more soluble in 
water than that of the other two bases. 

It was shown in the previous communication [Thimann, 1930], that the 
amount of protein hydrolysate precipitated by phosphotungstic acid varies 
with the concentration of nitrogen in the solution. The experiments were 
therefore directed to determining the following points. 

(a) The variation in the amount of single amino-acids precipitated by 
phosphotungstic acid with concentration of nitrogen. 

(b) The constancy or otherwise of the solubility of the phosphotungstates. 

(c) The behaviour of mixtures of amino-acids, and the interpretation of 
the curves given by gelatin hydrolysates. 

Experimental. 

Arginine was prepared via the flavianate by the method of Kossel and Staudt 
[1926], purified by way of the carbonate and obtained as a dry crystalline 
mass containing one molecule of water. Through the kindness of Drs Vickery 
and Leavenworth, samples of arginine, histidine, and lysine hydrochloride 
prepared by them [1928,1, 2] were obtained. The arginine agreed closely with 
the above. Both the histidine and the lysine hydrochloride were finely 
crystalline specimens, containing 27*04 and 10*99 % N respectively; calculated 
26*96 (free base) and 11*04 (hydrochloride -f 4H 2 0). A sample of pure 
crystalline proline was very kindly supplied by Dr Town. 

Solutions of weighed quantities of the amino-acids were made up, the 
nitrogen was estimated, and small volumes were measured with calibrated 
outflow pipettes. 0*3 cc. concentrated N-free sulphuric acid was added, the 
volume made up to 10 cc., and 3 cc. 20 % phosphotungstic acid in 5 % 
sulphuric acid solution were added. The tubes were allowed to stand in ice over¬ 
night, and the precipitates centrifuged, washed, redissolved, and incinerated 
as previously described for the determination of the Hausmann numbers 
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[Thimann, 1926], The nitrogen of both precipitate and filtrate was deter¬ 
mined on aliquot parts. 

Two slight difficulties were encountered. Arginine phosphotungstate, when 
precipitated from dilute solutions, was fibrous and glairy, resembling egg- 
white, and therefore difficult to wash satisfactorily. It was eventually broken 
up with a fine glass rod of triangular section, which could also be used to 
cut the fibres. The rod was carefully preserved overnight and the adhering 
particles of fibre washed down into the centrifuge cup. 

Lysine was not completely precipitated from the more concentrated solu¬ 
tions, and a secondary precipitate appeared in the filtrate when the wash- 
liquid was added, A further 1 cc. of 20 % phosphotungstic acid was therefore 
added to each and they were again centrifuged. Additional phosphotungstic 
acid added to the resulting filtrate produced no further precipitate. To keep 
the volume constant only 9 cc. wash-liquid were used. It is not possible that 
insufficient precipitant could have been added, since there was in these 
solutions a maximum of 39 mg. lysine to which 600 mg. phosphotungstic acid 
were added, i.e. a 15-fold excess. The probability is indicated that some type 
of soluble double salt was formed, and that this was decomposed by further 
phosphotungstic acid, thus: 

6L + P - L 6 P; L 6 P + P « 2L 3 P, 

where L 3 P is the normal insoluble salt (as given by analysis), and L 6 P the 
soluble double salt. 

This was the only amino-acid with which such a phenomenon was ob¬ 
served, and it is significant that the same phenomenon also occurs in the case 
of acid-treated gelatin. The formation of such a secondary precipitate, with 
incomplete initial precipitation, therefore points in such cases to a larger 
percentage of lysine (see below). 


Table I. Arginine (b). (Results typical of all experiments.) 


cc. sol. 

taken 

0-200 

0-539 

0-988 

1*977 

2*965 


487-3 mg. in 50-01 cc.; i.e. 2-909 mg. N per oc. 



Precipitate-N 

Filtrate-N 

Total 

Total N —- 


A 


mg. 

t 



-\ 

recovery 

% 

mg. 

0/ 

/o 

mg. 

% 

0-575 

0-290 

50-36 

0-292 

50-71 

101*07 

1-568 

1*106 

70-54 

0*430 

27-50 

98*04 

2-873 

2-397 

83-40 

0-447 

15-54 

98-94 

5-750 

5-089 

88-50 

0-669 

11*64 

100-19 

8-628 

7-834 

91-84 

0*781 

9-15 

99*99 


A!} values are the 

mean of two determinations. 




Similar results were obtained with the other sample of arginine (a) 
(Vickery and Leavenworth). The curves (Fig. 1) show the precipitation in 
percentage at the different nitrogen concentrations for arginine (samples a 
and b), histidine, lysine and proline. It will be observed: 

(1) that lysine shows the steepest rise, and is therefore the most 
insoluble; 



PRECIPITATION OF BASIC DIAMINO-ACIDS 373 

(2) that precipitation is not complete in any of the cases, reaching 92 % 
for arginine, 91*6 % for histidine, and 98*4 % for lysine; 

(3) that proline is only precipitated at very high concentrations, and then 
only in part; 

(4) that the amount of nitrogen remaining in the filtrate, which should 
be constant if ordinary solubilities are involved, increases steadily with the 
concentration (see Table I). 



Fig. 1. Precipitation curves of basic amino-acids. 


This last phenomenon may be due to two factors, the first of which is a 
true solubility in excess of amino-acid, and the second the presence of a 
quantity of non-precipitable impurity, such as a mono-amino-acid. This 
seemed improbable in view of the purity of the samples used, and its improba¬ 
bility was further confirmed in the following manner. Curves were plotted 
showing the amount of nitrogen in solution at different concentrations (see 
Fig. 2). Now the point at which the vertical axis is cut may be taken to 
represent the true minimum solubility of the phosphotungstate in 23 cc. of 
approximately 3*7 % phosphotungstic acid, 5 % sulphuric acid solution 
Biochem. 1930 xxiv 
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(0*85 g. phosphotungstic acid having been added in all to 23 cc.). A line 
through this point parallel to the a-axis would represent a case of simple 
solubility. 

In the case of arginine, however, the curve rises to an extent corresponding 
approximately with 0-45 mg. in 10 mg., so that 4*5 % of soluble impurity 
would have to be present to account for this slope. This quantity is altogether 
too large to escape detection and moreover would considerably alter the 
nitrogen figures, so that its presence, and hence this explanation, must be 
ruled out. It follows that the phosphotungstates of arginine and histidine, 
and to a much less extent that of lysine, are soluble in excess of the amino- 
acid. It may be that some kind of equilibrium between two salts of different 
solubility is established. In any case the precipitation is not simple. 



Fig. 2. Variation of the solubility of the phosphotungstates 
with nitrogen-concentration. 

It seems at first sight a curious anomaly that lysine, which is known to 
give a soluble double salt in strong solutions, appears here as the least soluble 
of the three. This, however, is explained by the fact that in the two solutions 
of highest concentration, additional quantities of 1 cc. phosphotungstic acid 
solution were added in order to ensure complete precipitation. Apparently 
the formation of the soluble compound of lysine is on a somewhat different 
scale from those of the other bases, involving larger amounts when it occurs, 
but being more amenable to modified precipitation conditions. 

The minimum solubilities as extrapolated from these curves are as follows 
(Table II): 

Table II. 

Minimum solubilities of phosphotungstates in 3*7 % phosphotungstic acid, 5 % H 8 80 4 . 

Arginine (a) Arginine (6) Histidine Lysine 
mg. N per 23 oo. from curve 0*29 0*2S 0 41 0*01 

mg. anuno-acid per 1<J0 cc. 0*0072 0*0070 0*0115 0*0003 

mg. N per 23 cc. given by Van Slyke 0*37 0*37 0*44 0*06 
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Interpretation of precipitation curves of acid-treated gelatin. 

Comparison of the curves for successive acid-flocculations of bone gelatin, 
given in the preceding communication [Thimann, 1930, p. 365] shows that 
they possess the following principal characteristics. 

(1) A successive steepening of the rise from the origin, from the first to 
the fourth treatment. 

(2) A rapid fall to very low values in the gelatin treated twice with acid 
(curve C). 

(3) The occurrence of a peak in the curve for gelatin treated once 
with acid (curve B) or once with alkali (curve F), particularly the former. 

It was shown above that the lysine curve is considerably steeper than 
that of the other amino-acids, so that the increase in steepness may be 
ascribed to increasing quantities of lysine. Confirmation of this is afforded 
by the steep fall. In all the points on the low portion of the curve, a con¬ 
siderable further precipitate separated when the wash-liquid was added to 
the filtrate, and 1 cc. additional phosphotungstic acid was therefore added 



Fig. 3. Precipitation of amino-acid mixture with and without proline. 

and the precipitate again centrifuged* The addition of further phosphotungstic* 
acid to the filtrate again caused a precipitate, and even after three additions 
of 1-2 cc. a precipitate was still produced on further addition of pliospho- 
tungstic acid to the centrifugate. This phenomenon is produced only by 
lysine, as shown above, and these facts therefore fall into line with the theory 
that relatively large quantities of lysine were present, and hence precipitation 
was incomplete throughout. Acid treatment therefore increases considerably 
the lysine content of these gelatin hydrolysates. 

The peak. It w'as shown above that the precipitation of any con¬ 
siderable amount of proline takes place only at certain nitrogen concentrations 
and at certain proline-diamino-acid ratios. The suspicion that this maximum 
was due to proline was confirmed as follows. A mixture of the three bases was 
made up in approximately the same proportions as in gelatin, and its pre¬ 
cipitation curve obtained (curve A, Fig. 3). To the same solution was added 
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proline in corresponding proportions, and the precipitation curve again 
obtained (curve B, Fig. 3). 


Mixture of bases . 


Solution A. Arginine 

Lysine (hydrochloride) 
Histidine 

Solution B. Proline 


mg. 

Proportions 

354 


2864 

4 V in 100 cc. water. 

73-5 

1 J 

237-5 

3*5 in 30 co. solution A. 


A close similarity may be observed between curve B and that obtained 
for acid-flocculated gelatin (curve B, Fig. 2, of the preceding communication 
[Thimann, 1930, p. 365]). It is clear from these curves that proline is pre¬ 
cipitated at certain concentrations only, and then only to the extent of about 
11 %, but it is also abundantly clear that the peak of the gelatin curves is 
due to proline and can be imitated by addition of proline to the bases. The 
acid treatment of gelatin therefore increases the proline and lysine content. 

All these curves show a general falling off at high concentrations, due to 
the slight solubility of the phosphotungstates in excess of amino-acid. 

The phosphotungstic acid precipitation curves are therefore not merely 
useful as indicators of intramolecular lability, but are also amenable to 
interpretation and can yield valuable knowledge of the amino-acids present. 


Crystallisation op the phosphotungstates. 

During the course of this ’work opportunity was taken to crystallise the 
phosphotungstates in pure condition. Excess of phosphotungstic acid was 
not used in their preparation, in order to eliminate the possibility of the 
presence of the free acid. 

Phosphotungstic acid itself crystallises well in large rhombohedral prisms 1 
which quickly dehydrate and become opaque and friable on drying. The 
double refraction shown is very low. The angle between the well-developed 
rhoinbohedron and the basal plane is about 58°, giving an axial ratio of 1*6. 
The small crystals are shown in Plate I, Fig. 1, and a well-developed pyramid 
in Fig. 2. 

Arginine phosphotungstate crystallises from water in 4- or 6-sided tablets, 
invariably twinned, of the monoclinic or triclinic system. They were erroneously 
described by Drummond [1918] as rhombohedral. The angle of extinction 
makes 27° with the composition plane. The refractive index is greater than 
1-5 (Plate I, Fig. 3). 

Histidine phosphotungstate may be obtained from water in the same form 
as arginine, but with greater difficulty and in smaller crystals. From acetone- 
water it separates in clustered prisms, also probably monoclinic (Plate I, 
Fig. 4). 

1 For assistance with the crystallography I am greatly indebted to Mr M, H. H. Hay, of the 
Natural History Museum, South Kensington. 
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Lysine phosphotung state crystallises readily from water to which a few 
drops of acetone have been added in tiny clusters of fine orthorhombic 
needles, resembling wheatsheaves in the typical form. By slow evaporation 
needles 2-3 mm. long may be obtained (Plate I, Fig. 5). 

Proline phosphotungstate separates from water to which a few drops of 
acetone have been added, in orthorhombic needles of large size, clustered 
together (Plate I, Fig. 6). The double refraction is high—about 0*04—and 
the refractive index greater than 1-5. By slow evaporation it can be obtained 
from water in small rhombs. 


Summary. 

1. The role of the basic amino-acids and proline in the protein molecule 
is discussed, and the probable importance of lysine in intramolecular change 
is emphasised. 

2. The precipitation of the individual amino-acids by phosphotungstic 
acid is determined at various nitrogen concentrations. It is not a simple 
phenomenon, the solubility of the phosphotungstates increasing with nitrogen 
concentration. In the case of lysine there is evidence for the formation of a 
soluble double salt. Proline is precipitated only at high nitrogen concen¬ 
trations. 

3. The minimum solubilities of the basic amino-acids in the final pre¬ 
cipitating liquid are determined and found to be somewhat less than the 
solubility corrections given by Van Slyke. The actual correction to be em¬ 
ployed in any experiment, however, will be considerably higher and will 
vary with the nitrogen content of the solution. 

4. The precipitation curves of the individual amino-acids throw con¬ 
siderable light on the curves obtained with gelatin hydrolysates. In this case 
they show that the acid flocculation of gelatin produces an increased amount 
of proline and lysine. 

5. The crystalline form of the phosphotungstates is described. 

The author’s best thanks are due to Drs Vickery and Leavenworth of 
New Haven, U.S.A., and to Dr Town, of St Bartholomew's Hospital, for the 
gift of amino-acids. 
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In determining the diamino-nitrogen in the products of hydrolysis of proteins, 
Kernot- and Knaggs [1928] showed that the results depend on several factors 
and, amongst them, on the temperature of precipitation and the temperature 
of the solution whilst the precipitate is settling. 

Their results were confirmed by Daft [1929] who suggested that, in order 
to avoid discrepancies, a rigidly defined technique should be followed. 
Rosedale more recently [1929]. in determining the diamino-content of fish 
muscle, came to the conclusion that results are not so much influenced by 
temperature as by the incompleteness of the hydrolysis, since in this case 
material which cannot be considered as consisting of diamino-acids is pre¬ 
cipitated by phosphotungstic acid. 

There is, however, no experimental evidence as to products of incomplete 
hydrolysis being precipitated with the diammo-fraction, but, as pointed out by 
Kernot and Knaggs [1928], proline, tryptophan, phenylalanine and hydroxy- 
aminobutyric acid have been found in this fraction. 

The object of the present communication has been to find out how far 
the completeness of the hydrolysis could influence the results. If the hydro¬ 
lysis is incomplete peptides may be found in the basic fraction but it is 
doubtful whether they could resist the prolonged action of a 20 % solution 
of sulphuric acid. This, however, would not be the case with some keto- 
piperazides which are so highly resistant to the action of acids and alkali 
that the question has arisen whether such products could be considered as 
primary constituents of the protein molecule. A preliminary attempt has 
been made to separate some of these products in order to find out whether 
they would be precipitated by phosphotungstic acid. 

Experimental. 

Cod muscle, from recently caught fish, was the material used for these 
experiments. The tissue was freed, as far as possible, from adjacent tissues 
and then dropped into boiling water, the boiling being continued for one hour. 
The coagulated muscular tissue was strained on a cheese cloth washed with 
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distilled water and suspended in chloroform water. After 24 hours the 
chloroform water was changed and the treatment repeated 5 or 6 times. It 
was then again strained, digested with 95 % alcohol and then twice extracted 
with absolute alcohol. After a further extraction with ether it was air-dried. 

Estimation of the diamino-nitrogen. 

Four portions of 25 g. each of the dried muscle were hydrolysed with 
600 cc. of a 20 % solution of sulphuric acid for 12, 24, 48 and 96 hours 
respectively. The hydrolysate was diluted with water and barium hydroxide 
added until it was only very slightly acid to Congo red. The barium sulphate 
precipitate was removed by filtration and the precipitate digested four times 
with boiling water. These washings were added to the hydrolysate, and the 
combined filtrates, to which a small excess of barium carbonate had been 
added, were evaporated to dryness under reduced pressure. The residue w r as 
taken up with water, filtered, made up to a known volume and the nitrogen 
estimated by the Kjeldahl method. 

Aliquot parts of these solutions were taken and made up to 100 cc. so 
that each contained 80 to 85 mg. of nitrogen. 

The diamino-nitrogen was precipitated with phosphotungstic acid ac¬ 
cording to the method of Osborne and Harris [1903], the conditions of tem¬ 
perature being as follows. 

(a) The hydrolysate and the phosphotungstic acid solution were separately 
heated to 100°, and after addition of the latter to the hydrolysate the solution 
was allowed to cool and stand in an incubator at 37° for 48 hours. 

(b) The hydrolysate and the phosphotungstic acid were separately heated 
to 37°, and after precipitation kept in an incubator at 37° for 48 hours. 

(c) The hydrolysate and the phosphotungstic acid were separately cooled 
to 0°, and after precipitation were allowed to stand at the same temperature 
for 48 hours. 

The experiments were carried out in duplicate, and the average results 
are given in Table I. 

Table I. 

% of N precipitated by phosphotungstic acid 
Time of hydrolysis r ~ - —. —___ N 


ii hours 

(a) 

(*) 

w 

12 

36-84 

39-47 

43-65 

24 

30-67 

36-16 

40*11 

48 

25-64 

31 31 

37-28 

96 

23-85 

30 40 

35*83 


These results show that the percentage of diamino-nitrogen precipitated 
by phosphotungstic acid depends on the conditions of precipitation, and not 
only on the completeness of the hydrolysis. 

Bosedale states that in the case of fresh fishes hydrolysis appears to be 
completed between 40 hours (carp) and 80 hours (tunny). We have found 
that the hydrolysis of the muscular tissue of fish may be considered as 
complete after 24 hours, as then the percentage of total amino-nitrogen 
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reaches its maximum. If the time of hydrolysis is prolonged this total 
diminishes while the percentage of nonamino-nitrogen increases, possibly 
owing to the formation of ring compounds. 

In the following section we give a preliminary account of experiments 
parried out with the object of obtaining, if possible, some evidence on this 
subject. 

Separation of some products of partial hydrolysis. 

Abderhalden [1923] and his co-workers have, by means of solvents, 
isolated several products of the partial hydrolysis of proteins. The method 
consisted in evaporating the hydrolysate to dryness under reduced pressure, 
mixing the residue wdth sand and extracting it with solvents. By this method 
it is possible to use a great variety of solvents, but as all ketopiperazines are 
soluble in many solvents which are not miscible with water it was thought 
that a modification of the method suggested by Dakin [1912, 1920] could 
be used. 

By extracting the hydrolysates from proteins with butyl alcohol, under the 
conditions described by Dakin, the proline fraction could never be obtained 
free from diketopiperazines, and in order to avoid this, Osborne, Leavenworth 
and Nolan [1924] suggested that the extraction should be carried out at room 
tetnperature. Even in these circumstances, however, ketopiperazines were 
found to be constantly present in the fraction. 

In the following experiments, besides butyl alcohol, ethyl acetate and 
chloroform were used. The extractions were carried out by shaking the hydro¬ 
lysates in a separating funnel with an excess of the solvent; they were 
repeated until a small portion of the solvent on evaporation left no residue. 
As in the previous section the experiments were carried out in duplicate and 
the figures given represent averages. 

No attempt has been made, at this stage, to identify the different products 
obtained. 

Ethyl acetate extract. The following percentages of the total nitrogen in 
the hydrolysate were extracted by this solvent. 

Time of hydrolysis in hours 12 24 48 96 

% N 2-02 0-2J) 016 010 

This substance has all the characters of a diketopiperazine as it is practically 
insoluble in water, sparingly soluble in cold ethyl alcohol, but easily in hot 
ethyl alcohol, from which it crystallises on cooling in fine needles melting at 
175° (not corrected). It is very soluble in chloroform and ethyl acetate, but 
little if at all soluble in hot dilute hydrochloric acid. 

Butyl alcohol extract . This extract was evaporated to dryness in vacuo in 
small portions. The residue was taken up with alcohol, filtered through a 
Buchner funnel and the insoluble portion washed with small quantities of 
hot butyl alcohol. The two alcoholic filtrates were evaporated in vacuo to 
dryness and the residue taken up with absolute alcohol. This treatment was 
repeated again; the insoluble portion was separated by filtration and the 
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clear, red-brown, alcoholic solution was evaporated in vacuo until all the 
alcohol was removed. The residue was treated with warm water and a not 
inconsiderable amount of a brown product was removed by filtration on a 
Buchner filter. This residue was dissolved in absolute alcohol and the alcoholic 
solution evaporated in vacuo in tared dishes. The following percentages of 
the total nitrogen were thus obtained. 

Time of hydrolysis in hours 12 24 48 96 

~ v 1 36 0-65 0-47 0*82 

By treatment with ether part of this substance was dissolved. The ethereal 

solution evaporated in tared dishes gave the following results expressed as 

before in percentages of the total nitrogen. 

Time of hydrolysis in hours 12 24 48 96 

% N 0-70 0-36 021 0-50 

This substance has all the properties of a ketopiperazine. It decomposes at 
245° and then immediately volatilises. 

The portion insoluble in ether was crystallised from absolute alcohol, from 
which it separated in fine hair-like needles; with the exception of the insolubility 
in ether it presented the same characters as the other substance. The ready 
solubility in ethyl acetate and chloroform, and its behaviour towards dilute 
solutions of acids and alkalis leave little doubt that it is a ketopiperazine. 

Chloroform extract. A brown sticky mass was extracted bv this solvent, 
which, owing to its semi-solid condition, was not weighed. 

From these results it is evident that even after a prolonged hydrolysis 
ring compounds can be found amongst the products. But it is important to 
note that, in the case of the butyl alcohol extract, these compounds after 
reaching a minimum rapidly increase, thus showing that by prolonging the 
time of hydrolysis condensation takes place and this is confirmed by the 
increase of the nonamino-nitrogen. 

Summary. 

1. The muscular tissue of the common cod was hydrolysed with sulphuric 
acid for varying periods. It was found that the percentages of basic nitrogen 
precipitated by phosphotungstic acid vary for a given period of hydrolysis 
with the conditions of precipitation, thus confirming the previous results 
obtained. 

2. Evidence is given to show that even after a prolonged hydrolysis 
closed ring compounds or ketopiperazines are found in the hydrolysate, and 
that their percentage increases if the hydrolysis is proldnged. 
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Historical. 

The hypophysis and fat deposition . 

It is an established fact that patients with hypopituitarism and animals after 
the removal of the hypophysis develop a pronounced adiposity, while young 
animals in the same circumstances show, in addition, retardation of growth 
[see bibliography in Biedl, 1916; Barker, Hoskins and Palmer, 1922; Schaefer, 
1926; Gciling, 1926], 

In agreement with these observations the gaseous metabolism is found 
to be decreased [Narbut, 1903; Wolf and Sachs, 1910; Aschner, 1912, 1913; 
Aschner and Forges, 1912; Benedict and Homans, 1912; Foster and Smith, 
1926]. It was, however, unexpected that injections of pituitary extract into 
animals should also produce adiposity [Delille, 1909; Evans and Long, 1922] 
and lowering of metabolism [Bernstein and Falta, 1912; Korenchevsky and 
Dennison, 1929]. 

The influence upon growth of the administration of the anterior lobe 

of the pituitary. 

In spite of the large number of experiments which have been performed 
on mice, rats, guinea-pigs, rabbits, puppies and chicks, either fed or injected 
with extracts and preparations of whole hypophysis or of the anterior lobe, 
the most contradictory results have been obtained. 

Increased growth of the animals was observed by Schaefer [1909], Goetsch 
[1916], Guderjnatsch [1918], Klinger [1919], Marinus [1919] and Robertson 
and his co-workers [1916-1925]. Retardation or cessation of growth was 
obtained by Thompson and Johnston [1905], Cerletti [1907], Sandri [1907, 
1909], Cushing [1909], Aldrich [1912, 1913], Wulzen [1914], Pearl [1916] and 
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Maxwell [1916]. Administration of pituitary preparations had practically no 
influence upon growth in the experiments of Lewis and Miller [1913], Drum¬ 
mond and Cannan [1922], Smith [1927, 2] and Reichert [1928]. Extremely 
elaborate experiments were performed by Evans and liis co-workers [1921- 
1928]. They state that when an extract of the anterior lobe of the hypophysis 
is injected intraperitoneally into young rats from the day of weaning, accelera¬ 
tion of growth is produced, some of the treated rats being from 100 to 250 g. 
heavier than their normal litter mate controls at eight months of age. Oral 
administration is ineffective. No detailed account of these experiments has 
been published. 

Smith, Walker and Graeser [1923], Smith and Graeser [1924], and Smith 
[1927, 1, 2, 3, 4] produced dwarfism by destroying the pituitary body in rats, 
and found that growth was resumed after injections of anterior hypophysial 
substance prepared by the method of Evans and Simpson [1926]. 

Van Wagenen [1927, 1928], using similar extracts of the anterior lobe, 
increased the body length and the weight of castrated rats up to those of the 
normal controls. 

Putnam, Teel and Benedict [1928], who also used alkaline extracts of 
hypophysis, produced acceleration of growth in growing rats and one dog, 
but not in rabbits. The injections were given to the clog for many months 
before any effect was observed. In the hypophysectomised dog and the rats, 
restoration of growth was produced. They concluded that the growth of hair 
and the healing of wounds is much delayed after hypophysectomy, but these 
processes may be restored to normal by administration of the hormone. 

The latest experiments by Larson, Bergeim, Barber and Fisher [1929] do 
not show any influence of similar extracts, injected intraperitoneally, on the 
growth of rats, whilst Hewitt [1929] confirmed the results obtained by Evans. 

The influence of the administration of the hypophysis on the 
sexual organs of male animals. 

A stimulating effect of pituitary feeding or injections of pituitary extracts 
on the sexual development or the size of testes was noticed by Wulzen [1914], 
Goetsch [1916], Klinger [1919] and Marinus [1919]. No such influence, how¬ 
ever, was observed in the experiments of Pearl [1916], Maxwell [1916], Kross 
[1922] and Smith [1927, 3]. 

Evans and his co-workers [1921-1928] found that an extract of the anterior 
lobe of the hypophysis delays sexual maturity in the male rat. Autopsy of 
two treated male rats, when compared with their controls, showed great 
diminution of testis weights. Histologically, smaller tubules were found, but 
no evidence of any other degenerative changes [Evans and Simpson, 1926]. 
The authors succeeded in separating the principle in the anterior lobe affecting 
ovulation in rats from that controlling general body growth by the addition 
of alcohol to the extract until the concentration of alcohol reached 50 %. 
The supernatant fluid, after centrifugation, still possessed the principle 
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affecting the gonads, but not that accelerating growth. Probably the latter 
principle had been carried down with the protein precipitate or been 
destroyed. Both hormones, however, are still active after bubbling oxygen 
through the extract for one hour or after adding alcohol to 8 % and keeping 
at room temperature for one week. 

In a later paper Evans and Simpson [1928], concluded that there is present 
in the hypophysis not an ovary-depressing, but an ovary-stimulating hormone, 
which is required for the normal development of the ovaries, thyroid and 
suprarenal cortex. Their previous contradictory results are explained by the 
fact that the growth-promoting hormone completely nullified the effect of 
the gonad-stimulating hormone, when simultaneously administered. Alkaline 
aqueous extracts contain a growth-stimulating hormone and acid extracts of 
the anterior lobe a hormone provoking sexual maturity in young female rats. 
By these different methods of extraction these two hormones can be separated. 
Unfortunately, up to the present time no detailed account of these experiments 
has been published. 

Zondek and Aschheim, in a series of papers [1927-1928] describe an ovary- 
stimulating hormone in the urine of pregnant women which they believe to 
be secreted bv the anterior lobe of the hypophysis. These authors state that 
although a single injection of this substance is without effect on male mice, 
repeated injections, during a period of about 2 w T eeks, caused the secondary 
sexual glands, but not the testes, to become hypertrophied. The seminal 
vesicles were about five times larger than those of the control animals. This 
did not occur in castrated animals. 

Fels [1927], injected infantile male mice with the serum from pregnant 
women. The testes w T ere smaller than normal, but histologically the amount 
of the interstitial cells was increased. The prostate and seminal vesicles were 
hypertrophied, which latter changes were similar to those which occurred in 
the experiments of Zondek and Aschheim. In Biedi's [1927] experiments in¬ 
jections of hypophysial extract or emulsion retarded the development of the 
sexual system of male rats and mice, especially of the testes and seminal 
vesicles. The amount injected was from 0*05 to 0-25 g. of fresh glandular 
substance. Smith [1927, 3] injected rats with an extract prepared by the method 
of Evans and Simpson [1926] from ox pituitaries. These injections not only 
did not cause the restoration to normal of the atrophied testes of hypo- 
physectomised rats, but even prevented their restoration by pituitary homo¬ 
transplants, which were made simultaneously with the injections. 

Larson, Bergeim, Barber and Fisher [1929] found that the weights of the 
testes of the rats receiving injections w r ere less than those of the controls. 
However, they suggest that this may be attributed to the lower weights of 
these rats. The figures were not given. 
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The influence of the injections on the thyroids and adrenals. 

Smith [1927, 3] observed in hypophyseetomised rats atrophy of the supra¬ 
renal cortex, thyroids and parathyroids. Partial or complete repair was pro¬ 
duced by daily homotransplants of fresh pituitaries, but intraperitoneal in¬ 
jections of extracts prepared by the method of Evans and Long, made from 
ox pituitaries, did not repair the atrophied thyroid or suprarenal cortex or 
the atrophied testes of hypophyseetomised rats. 

Loeb and Bassett [1929] prepared acid and alkaline extracts from dried 
and powdered anterior lobe of the pituitary of cattle and injected these intra- 
peritoneally into guinea-pigs. After 7 to 19 days the injections resulted in 
hypertrophy of the thyroids. During the period of the injections the animals 
lost weight. The method of preparation suggests that probably the response 
of the thyroids was the typical reaction to injections of any emulsion of animal 
tissue contaminated with bacteria and prepared without sterile precautions. 

The analysis of the papers, mentioned in this historical review, shows a 
perplexing discrepancy in results. It may be that the difference in the results 
obtained by different investigators is to be explained (1) by the presence in 
the anterior lobe of more than one hormone, some of these hormones being 
antagonistic in action; (2) by the different methods of preparation of the 
extracts; (3) by deficiencies in general technique in some investigations, 
especially the use of control animals not of the same litter and lack of control 
of the diet (its uniformity and its sufficiency in respect of all the factors 
necessary for growth of the animal in general and of some organs in particular). 

The present experiments. 

Experiments were performed on 87 male rats, of which 76 were young 
growing rats and 11 were old rats. All the rats belonged to litters, bred at 
the Lister Institute, of which the day of birth was known. Each litter 
was divided into two groups, a control group, into which 20 % glycerol in 
saline solution was injected, and an experimental group into which extract 
of the anterior lobe of the pituitary was injected. The extracts were injected 
intraperitoneally, daily, or with some intervals of one, or rarely, of two, days. 
Seven litters were used for the injections without previous operation, a total 
of 23 rats; 27 rats belonging to another 7 litters were castrated and 37 from 
9 litters were made cryptorchid. The experiments on cryptorchid rats are 
recorded in Tables I-III in two separate groups A and B, since the experiments 
omthe rats of group B were performed later and with a different batch of the 
extract. Castrated and cryptorchid rats, having a decreased and an increased 
sexual inner secretion respectively, were used as well as normal rats since 
there is a close relationship between the pituitary and the sexual glands. 
Castration was performed in the usual manner. The animals were made 
cryptorchid by pushing back the testes from the scrotum into the abdominal 
cavity, occluding the inguinal canal and putting a suture on the basal portion 
of the tunica vaginalis. The method of preparation of the extract was almost 
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the same as that used by Evans and Simpson [1928], which produced increased 
growth in rats. The only difference was that the glands were first ground with 
glycerol, instead of with water, since a glycerol extract is more easily kept in 
a fresh condition in the cold store than is a w T atery extract. 

The detailed method of preparation of the extract is as follows. The 
anterior lobes of pituitary glands, obtained from the slaughter house on the 
day of killing of the cattle, were, with sterile precautions, chopped to a thin 
paste and then finely ground with sand in a mortar. Two volumes of glycerol 
were added and the glycerol paste was kept in the cold store at — 5°. On 
the day of injection one part of the paste was mixed with 1$ parts of distilled 
water and to this mixture Nj 5 NaOH was then added in an amount equal to 
three-eighths of the volume of the mixture. This was left to stand for about 
20 minutes and then neutralised or made slightly acid with Nj 5 acetic acid. 
By the addition of a few drops of Nj 5 NaOH the p n was brought to 7*4. 
The solution was then centrifuged and the supernatant fluid was used for 
the intraperitoneal injections, in amounts of from 0*5 to 2 cc. per rat. No 
abscesses or any toxic symptoms due to the injections were observed. 

The animals were fed on a special paste, consisting of a normal synthetic 
diet, so as to ensure that the quality of the diet was identical for each animal. 
The amount of the diet consumed was recorded. The composition of the diet 
was the same as of that used for vitamin experiments and was described else¬ 
where [Korenchevsky, 1922, p. 7]. The duration of the experiments varied, 
for different litters, from 6 to 11 weeks. 

In order to save space the detailed tables of the weights of each individual 
rat or organ are not given. The influence of the injections was in every case 
in the same direction as shown by the average figures, given in Tables 
I, II and III. 

Table I. The influence of intraperitoneal injections of anterior lobe extract 
on the weight of young and old rats. 

Anterior lobe extract-injected 
No. of Gain + or loss - 

rats in weight in g. 

for Weight in g. -——-—\ 

aver* f - A --, Per 

ages Init. Final Total week 

9 55-9 223*4 4-107*5 +10-1 

15 78*0 202*9 +124*3 +15*8 

12 71*7 205*7 4-134*0 4-10*0 

8 53*0 240 4 187 +19*8 

Old raU; 

Normal 3 405*0 397*0 -8*0 -0*9 3 360*0 355*0 -11*0 -1*3 

Cryptorchid 2 418*0 396*0 -22*0 -2*3 3 451*0 423*0 -28*0 -2 9 

The influence on growth and appetite . 

The results in relation to growth are given in Table I. The figures represent 
averages* These figures show no well-defined influence on the growth of the 


Controls, glycerol-injected 



No. of 



Gain + or loss - 


rate 



in weight in g. 


for 

Weight 

' hi g* 
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r 

V- N 


aver¬ 

,_ I_a. 



Per 

Groups 

ages 

Init. 

Final 

Total 

week 

Young rats: 






Normal 

8 

61*3 

233*8 

4* 172*5 

+ 19*6 

Castrated 

12 

80*8 

214*8 

4 - 134*0 

+ 17*0 

Cryptorchid A 

8 

74*5 

211*1 

4 - 136*6 

+ 16*9 

Cryptorchid B 

4 

53-5 

228 

+ 174*5 

+ 18*6 
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male rats injected with the extract, as compared with that of the controls 
injected with glycerol solution. The final weight and the gain in weight per 
week of both groups of young rats varied only slightly. Old rats, in both groups, 
lost weight a little during the period of the experiment. The variation in 
consumption of paste between the two groups was slight, being from 1 to 2 g. 
per day greater in about 65 % of the groups of the pituitary-injeeted rats. 


Table II. The influence of intraperitoncal injections of anterior lobe extract 
on the weight of “ retroperineal fat ?5 and “ testicular fat” of rats. 

Controls, glycerol-injected Anterior lobe extract-injected 



No. of 

Actual 

Per 200 g. of 

No. of 

Actual 

Per 200 g. of 

Group of rats 

rats for 

weight 

rat weight 

rats for 

weight 

rat weight 

averages 

in g. in g. 

“ Retroperineal fat.” 

averages 

in g. 

in g* 

Normal 

11 

8-26 

5-83 

12 

5*56 

4*20 

Castrated 

12 

6*60 

5*99 

15 

4*37 

4*02 

Cryptorckid A 

10 

5*31 5*26 

“Testicular fat.” 

15 

7*89 

5*28 

Normal 

11 

8*01 

5*61 

12 

5*58 

4*24 

Cryptorchid A 

10 

7*55 

5*61 

15 

5*72 

4*22 

Total 

“intra-abdominal fat’ 

’ (i.e. Retroperineal 4-testicular fat). 


Normal 

11 

16*27 

11*44 

12 

11*14 

8*44 

Cryptorckid A 

10 

12*86 

10*87 

15 

13*61 

9*50 

Cryptorckid B 

4 

12*38 

10*84 

8 

9*98 

8*29 


Table III. The influence of intraperitoneal injections of anterior lobe extract on 

the average weight of the sexual organs and of the glands of inner secretion. 

Controls, glycerol- Anterior lobe extract - 

injected injected 


Organ 

Group of rats 

Actual 
weight 
of organ 
in g. 

Weight in g. 
per 200 g. 
of rat 
weight 

Actual 
weight 
of organ 
in g. 

Weight in g. 
per 200 g. 
of rat 
weight 

Testis 

Normal 

2*826 

2*126 

2*346 

1*870 


Cryptorchid A 

1*037 

0*926 

0*669 

0*572 


B 

0*784 

0*689 

0*628 

0*528 

Penis 

Normal 

0*310 

0*222 

0*284 

0*222 


Cryptorchid A 

0*262 

0*222 

0*179 

0*144 


„ B 

0*289 

0*254 

0*223 

0*186 


Castrated 

0*074 

0*071 

0*078 

0*077 

Prostate with seminal 

Normal 

1*960 

1*386 

1*389 

1*068 

vesicles 

Cryptorchid A 

1*214 

0*999 

0*386 

0*321 


„ B 

1*282 

1*124 

0*598 

0*499 


Castrated 

0*080 

0*076 

0*093 

0*095 

‘Adrenals 

Normal 

0*0636 

0*0474 

0*0620 

0*0494 


Cryptorchid A 

0*0616 

0*0523 

0 0639 

0*0528 


B 

0*0509 

0*0449 

0*0703 

0*0589 


Castrated 

0*0690 

0*0644 

0*0679 

0*0682 

Thyroids 

Normal 

0*0382 

0*0271 

0*0278 

0*0218 


Cryptorchid A 

0*0336 

0*0272 

0-0264 

0*0215 


»> B 

0*0216 

0*0190 

0*0201 

0*0167 


Castrated 

0*0241 

0*0227 

0*0217 

0*0217 

Hypophysis 

Normal 

0*0114 

0*0085 

0*0097 

0*0077 


Cryptorchid A 

00115 

0*0098 

0*0102 

0*0085 


»> B 

0*0086 

0*0075 

0*0095 

0*0079 


Castrated 

0*0126 

0*0115 

0*0110 

0*0110 
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The influence on fat deposition. 

Since the separation and weighing of the whole of the fat is very difficult 
in rats, the weight of the intra-abdominal fat was taken as an indication of 
the general development of the fat in the body. In rats part of this fat is 
easily separated from the retroperineal region (“retroperineal fat” in the 
tables). In castrated rats only this fat was taken for weighing. In normal and 
cryptorchid animals, in addition, the fat attached to the testes was separately 
weighed (“testicular fat” in the tables). Both fats taken together will be 
referred to as “intra-abdominal fat.” The average results are given in 
Table II. In this table the weight of fat of young growing rats is not separated 
from that of old rats, since the fat deposition was similar in both groups. 
Comparison of these average figures, especially taking into consideration 
those reduced to 200 g. of rat weight, shows a decreased amount of fat in 
the rats injected with the extract of the anterior lobe. Detailed figures of 
the weight of fat of each individual rat (which are not given in order to save 
space) as well as the average figures in Table II show that this decrease was 
absent only in the case of the retroperineal fat of Group A of cryptorchid rats. 
The testicular fat of cryptorchid rats was, however, decreased; so that the 
total amount of intra-abdominal fat, calculated per 200 g. of rat weight, was 
decreased by the influence of injections of anterior lobe extract in all three 
groups of rats, normal, castrated and cryptorchid. Per 200 g. of rat weight, 
the average amount of intra-abdominal fat in the injected rats was less by 
12*6 to 33 % as compared with that in the respective groups of control 
animals. 

The influence on sexual organs. 

The results are given in Table III and represent the average weights in g. 
of testis, prostate with seminal vesicles, and of penis. The number of rats 
used for the average was in each group the same as that in Table II. The 
most suitable figures for comparison are those calculated per 200 g. of rat 
weight. They show a striking decrease in weight of the sexual organs in 
cryptorchid animals under the influence of anterior pituitary injections. For 
example, the weight of the prostate and seminal vesicles was about 68 % 
less than that of control rats in group A and about 56 % less in group B. 
The corresponding figures for penis and testis were 35 % and 38 % less than 
the controls in group A; in group B of cryptorchids the respective figures 
were 27 and 23 % less than those of the controls. In normal animals the 
decrease in the weight of the prostate with seminal vesicles and of the testes 
of rats injected with pituitary was much less pronounced than those of 
cryptorchid rats. The respective figures for the decrease of weight of these 
organs, compared with the controls, were about 23 and 12 %. There was no 
change in the weight of the penis. 

In castrated animals the influence of pituitary injections was not clear. 
Although the penis, prostate and seminal vesicles were on the average heavier 

Biochem. 1930 xxrv 25 
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than in the controls, it is impossible to draw definite conclusions from these 
figures, since the individual weights of these organs, included in the average, 
varied considerably. This was due, firstly, to the difficulty of accurate sepa¬ 
ration of fat from the very atrophied and degenerated sexual organs of 
castrated rats; and secondly, probably to the absence of considerable changes 
in the organs of castrated animals under the influence of pituitary injections. 
That the injections had the maximum effect on cryptorchid animals shows 
that the extracted hypophyseal substances are closely correlated with a special 
testicular tissue. However it is not possible from the present data to conclude 
whether this effect was due to the atrophy of the generative tissue or to the 
hypertrophy of the interstitial tissue. 

The influence on the adrenals , thyroids and hypophysis. 

It is possible to see from Table III definite decrease only in the weight 
of the thyroids of normal and cryptorchid animals injected with anterior lobe 
(on the average, of about 20 % in normal rats and in group A and about 
12 % in group B below that of the controls). In castrated rats the thyroids 
are already atrophied, as a result of castration. The injections of anterior 
lobe extract did not increase this atrophy in all the castrated rats. Of the 
15 castrated rats there was a decrease in weight of the thyroid in only 7 rats, 
in 5 rats there was no change and in 3 the gland had increased in weight 
as compared with the castrated controls. The divergence of these results, 
therefore, renders them inconclusive in considering castrated rats. Similar 
divergent results were obtained in the weights of the hypophysis in the indi¬ 
vidual rats used in this experiment. On the average, however, there was a 
slight decrease in the weight of this gland in the groups of normal and group A 
of cryptorchid rats (about 9 and 13 % respectively below that of the controls). 

The weights of the adrenals did not show any definite change under the 
influence of anterior lobe injections in the normal and castrated rats and in 
group A of cryptorchid rats. However, there was an increase by about 31 % 
in the weight of the adrenals of the rats of group B, injected with a different 
batch of the pituitary extract. 


Discussion. 

Taking into consideration our previous paper [Korenchevsky and Dennison, 
1929] as well as the results obtained in the present experiments, it is possible 
to state that from the anterior lobe of the hypophysis an extract was prepared 
which depressed nitrogen metabolism, produced atrophy of the sexual organs 
(testis, prostate, seminal vesicles and penis) and of the thyroid gland in male 
rats. This extract did not affect the growth of rats but it decreased the amount 
of body fat, as judged by the amount of intra-abdominal fat. The atrophy of 
the sexual organs was more pronounced in the cryptorchid group than with 
the normal and castrated rats. With the exception of a considerable decrease 
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of body fat, the smallest changes were observed in the group of castrated rats. 
These results, therefore, agree with those of Evans and Simpson [192G], 
Smith [1927, 3] and Biedl [1927], whose extract depressed the development 
of the testes. Smith, alone, made accurate weighings of the glands of the 
few male rats used in his experiments. 

In the numerous experiments on feeding with, or the injection of, pituitary 
preparations performed by other investigators no observation apparently was 
made of the amount of the body fat of the experimental animals. In no case, 
including the experiments of Evans and his co-w r orkers, was a direct weighing 
made of the fat in the body of the animals. 

To my surprise I was unable to obtain the stimulation of body growth 
mentioned by Evans and Simpson [1928], although my alkaline extract was 
prepared in a manner nearly identical with theirs. It is improbable that the 
use of glycerol in place of water in the first stage of the preparations (see 
p. 387) was responsible for the divergence. Since the influence on the sexual 
organs was a depressing and not a stimulating one, an antagonistic action of 
the sexual hormone upon the growth-promoting hormone cannot be the 
explanation as was suggested by Evans and Simpson for their results [1928J. 
Neither from the papers of Evans and his co-workers, nor from the papers of 
other authors, can indisputable evidence be obtained of the presence of 
hormones in extracts of hypophysis which stimulate the growth of male 
sexual organs. The chief difficulty in interpreting many of the experiments is 
that the authors do not always give figures for the weight of the testes and 
do not calculate their results per unit of body weight, nor do they use for 
their controls in their experiments brothers from the same litter. These 
deficiencies in technique may lead to the gravest mistakes, since I have 
observed that different litters have different weights of organs and of body fat. 

It is important to stress, however, that on one hand Smith’s [1927, 3, 4] 
implantation experiments showed a stimulating influence of the anterior lobe 
on the male sexual organs, adrenals and thyroids, and Evans and his co¬ 
workers obtained extracts which were growth-stimulating. On the other hand, 
extracts can be obtained, as my experiments show distinctly, which depress 
nitrogen metabolism, diminish the size of the testes, the prostate, the seminal 
vesicles, the penis and the thyroid and decrease the deposition of fat. Never¬ 
theless, these extracts do not influence body growth. It may, therefore, be 
suggested that probably the pituitary contains antagonistic substances for all 
these functions. It would be unjustifiable, as Evans and Simpson [1928] do, 
to suggest that there are only two hormones, one required for the normal 
development of the gonads, thyroid and adrenals and a second for the pro¬ 
motion of growth, and that the latter can be completely nullified by the 
simultaneous administration of the first. 

The extract which I isolated seems to differ from that obtained by Evans 
and his co-workers, since in my experiments a growth-promoting substance 
was absent or nullified and at the same time evidence was lacking of the 
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presence of a hormone which stimulates the activities of the gonads. On the 
contrary, the extract possessed, except any influence on body growth, a 
general depressing action. 

Summary. 

X. A slightly alkaline extract, p K about 7-4, was prepared from the anterior 
lobe of the pituitary of oxen which had been ground with glycerol, kept at 
— 5° and injected intraperitoneally into normal, cryptorchid and castrated 
young and adult male rats in amounts of 1 to 2 cc. 

2. No decided influence was noticed on the growth of the animals as 
judged by the weight of the rats. 

3. Body fat as judged by the intra-abdominal fat was decreased on the 
average by about 24 %. 

4. Under the influence of injections of the extract the weight of penis, 
testes, and prostate with seminal vesicles was decreased to the greatest extent 
in cryptorchid animals (on an average for these organs by 31, 30 and 62 % 
respectively). This effect was less noticeable in normal and absent in castrated 
rats, showing that a correlation exists between the extracted hypophyseal 
substances and a special testicular tissue. 

5. The weight of the thyroids was decreased by about 17 % in normal and 
cryptorchid animals, but not significantly in castrated rats. 

6. It is concluded that the anterior lobe contains substances diminishing 
the weights of the penis, prostate, seminal vesicles, testis and thyroids and de¬ 
creasing fat deposition and nitrogen metabolism. 

7. It is suggested that these substances are antagonistic to the growth- 
and male gonad-stimulating hormones, made evident by implantation experi¬ 
ments; and to the growth-promoting hormone, prepared by Evans and his 
co-workers, 

A grant from the Medical Research Council and the hospitality of the Lister 
Institute have enabled me to carry out this work, and to them my thanks are 
due. I wish also to express my sincere gratitude to Sir Charles Martin for 
his continuous support and criticism of this paper. 
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RELATION OF REDUCING POWER TO CONFIGURATION. 

By HARRY SOBOTKA and MIRIAM REINER 1 
From the Laboratories of the Mount Sinai Hospital , New York. 

(Received December 30th , 1929.) 

The increasing knowledge of sugar structure and its physiological significance 
has prompted a close scrutiny of the methods for the quantitative analysis of 
reducing sugars. Most of the methods are based on the oxidation of the sugars. 
The amount of oxygen consumed permits a comparison of the oxidising re¬ 
agents. The products of oxidation are in most instances not uniform, thus 
the oxygen factors are only pseudo-stoichiometrical [Sobotka, 1926], but a 
comparison of these factors with the degree of oxidation in the possible reaction 
products conveys a general idea of their nature. 

Lobry de Bruyn and Nef and, particularly, Evans [1929] have dealt with 
the numerous products obtained by alkaline rearrangement and oxidation of 
carbohydrates. These researches have established beyond doubt what may be 
termed progressive enolisation as the key to sugar destruction. By extending 
the range of substrates over the field of methylated glucoses it has been 
demonstrated [Sobotka, 1926] that the methoxy-group is an obstacle in the 
progress of enolisation in the Bertrand solution and more so in the less alkaline 
Fehling reagent. 

Purely steric differences, as between glucose and galactose, give rise to 
merely insignificant deviations with the usual alkaline copper solutions. Micro¬ 
methods like Bang’s according to Rohny [1928] and the Folin-Wu method 
according to Green wald et al. [1924] yield rather divergent figures for hexoses 
other than glucose. It has been found that alkaline mercury solutions oxidise 
quantities of aldoses and ketoses above 10 mg. at a remarkably constant rate 
of 6*0 oxygen equivalents. This linear function was entirely distorted for 
smaller amounts ceteris paribus (unpublished experiments). Such irregularities 
in the lowest sections of the sugar-oxygen curves are at least in part due to 
a passive state of the complex metal ion in absence of certain organic groups; 
their bearing upon steric differences of the sugars is important but not obvious. 

A constant difference between glucose and galactose was realised over a 
wide range of concentrations when employing potassium ferricyanide as the 
oxidising agent. The Hagedorn and Jensen method has been adapted to 
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amounts of glucose of 1-10 mg. by Issekutz and Both [1927] and up to 
4 mg. by Hanes [1929]. We adopted Hanes’s accurate and convenient volu¬ 
metric procedure. Pucher and Finch [1928] seem to have been the first to 
describe the low reduction power of galactose with the Hagedorn-Jensen 
reagent. Their results were recently confirmed by Hawkins [1929] for the 
gasometric ferricyanide reagent. 

The complex iron salt of the mildly alkaline Hagedorn-Jensen reagent 
probably approaches the conditions of physiological sugar oxidation more than 
any copper, mercury, bismuth or permanganate solution. One may attribute 
special significance to its steric predilections. 

By unrolling the cylinder of the accepted pyranoid formulas of the hexoses 
[Haworth, 1929], we obtain the following symbols for the d-hexoses: 



OH H OH H CiU)H OH OH OH H CII,OH 


U. lucose III. fl-Mannose 


ok 


OH H H H 

A-Jv-o 

1 J I I 

H OH OH CHjOH 
TV. /3-Galactose 


CH 2 OH H OH OH H 

U_LiO-Lo. 


OH 


i I I I 

H OH H H 
V. /3-Fructose 


Disregarding the labile steric configuration on the first 0 atom (Cj) glucose 
shows an alternation of the hydroxyls throughout the molecule: C 2 trans 
0 3 trans 0 4 . Accordingly in mannose and rhamnose: C 2 cis C 3 trans C 4 , and in 
galactose: C 2 trans C 3 cis C 4 . 

The average reducing power of mannose is only slightly less than that of 
glucose. The isomerism along the C 2 —0 3 link is therefore not important for the 
stability of the hexose chain towards ferricyanide. In all other instances the 
increased reactivity of the trans-con figuration is conspicuous. The great 
difference of approximately 24 % for glucose minus galactose must be attributed 
to the -configuration on C 3 —C 4 . 

Haworth [1929] pointed out that the asymmetry of the fifth carbon atom may be interpreted 
in the above ring formula (I) as a trans or cis location of the side chain —CH a OH with respect to 
the hydroxyl on the fourth carbon atom. It is not possible to ascertain the influence of this 
isomerism as the number of hexoses available for comparison is limited; but it seems probable that 
this end of the carbon chain is of no importance for the reducing power. 
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In order to extend this investigation we tested three of the four possible 
aldopentoses. 

VI. 

ri-Xylose (the Greek letters indicate the location of 
Orf on Cj in the isomeric forms) 

Omitting the m-Zraws-isomerism between C 4 and C 2 ( a-/3 forms), they show the 
following differences: 

Xylose (VI) C 2 irons C 3 irons C 4 
Arabinose C 2 irons C 8 cis C 4 
Ribose C 2 cis C 3 cis C 4 . 

Arabinose with an oxygen equivalent for ferricyanide of 4*18 resembles 
galactose with 4*04; xylose with 4*56 equivalents ranges below the analogous 
hexose, glucose, with 5*31. The decrease of reducing power by 8*3 % and 7*3 % 
from xylose to arabinose to ribose permits the conclusion that in the oxidation 
of aldopentoses, the influence of irons or cis position between C 2 and C 3 is equal 
to that between C 3 and 0 4 . This finding, together with the lower absolute 
reducing power of pentoses, shows that the progress of enolisation and oxida¬ 
tion does not reach beyond C 3 in the five-carbon sugars under the experimental 
conditions. The oxygen equivalent of ribose of less than 4 (— two atoms 
oxygen) barely allows for the formation of a keto-pentonic acid and for the 
cleavage into formic acid and erythronic acid. This is in sharp contrast to the 
pivotal C 3 —C 4 link of the hexoses. 

The Lobry de Bruyn rearrangement leads to the formation of talose and 
tagatose from galactose. Determinations of optical rotation, copper and ferri¬ 
cyanide reduction from Lobry de Bruyn equilibria of glucose and of galactose 
reveal parallel changes. Hence, in the ketohexoses the reducing power of 
tagatose (C 3 mC 4 irons C 5 ) is essentially lower than that of fructose (V) (C 3 tram 
C 4 cis C 5 ). This corroborates the assumption that the considerable differences 
in the reducing power of hexoses are due mainly to the caVZraws-distribution 
of the hydroxyls on the third and fourth carbon atom. 

The reducing power of rhamnose is identical with that of glucose or mannose 
in amounts of 2 mg. or less; in higher concentrations, it exhibits considerable 
deviations. 

Despite the identity of their reducing moiety we observed a slight increase 
of maltose over lactose* This may be due to the difference of the other moiety 
set free by partial hydrolysis which is in turn indicated by the high absolute 
equivalent of more than 8 equivalents of oxygen. 

The difference between the reducing power of glucose and galactose with 
respect to K 3 Fe(CN) 6 may be applied with great advantage to the analysis of 
mixtures, as in selective glycolysis, in the hydrolysis of saponins, etc. In 
combination with the polariscope, the accuracy of these analyses proved to be 
almost doubled. 


J_A 


OH H OH H 

I I I 


i k Jh i 


H 
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Table I. Titration data and oxygen equivalents. 


Glucose Glucose 

4 4 - 


Sugar Glucose 

Fructose 

Mannose 

Galactose Galactose Fructose 

Xylose 

Arabinose 

Ribose 

Rhaumose Maltose 

Lactose 

mg. 

ce. 

cc. 

cc. 

cc. 

cc. 

cc. 

cc. 

cc. 

cc. 

cc. 

cc. 

cc 






0*01 

N thiosulphate 






0-5 

1*45 

1*55 

1*45 

1*02 

1 21 

— 

1*55 

1*40 

1*25 

1*03 

1 33 

1*22 

1-0 

2*91 

3*10 

2*92 

2*19 

2-46 

2*88 

3*11 

2*72 

2-55 

3*13 

244 

244 

1*5 

4*40 

4*70 

4-30 

3*40 

3*75 

4*34 

4*05 

4*15 

3*79 

4*80 

3*03 

349 

20 

5*91 

6*28 

5*87 

4*50 

5-00 

5*87 

6*07 

5*55 

5*11 

649 

4*96 

4*54 

2*5 

7*38 

7*83 

7*46 

5*04 

0*33 

7*32 

7*49 

7*05 

0*39 

7*07 

6*08 

5*78 

3*0 

8*93 

9*39 

8*03 

6*80 

7*65 

8*87 

9*06 

8*41 

7*70 

9*27 

7 23 

6*89 

3*5 

10*55 

10*90 

10*38 

8*12 

9*24 

10*30 

10*59 

9*92 

9 14 

10*51 

8*47 

7*92 

4*0 

— 

12*48 

11*42 

9*12 

10*49 

11*91 

11*83 

11*28 

1049 

11*50 

— 

8*88 

4*5 

— 

— 

— 

10-41 

— 

— 

— 

12*29 

11*70 

12*10 

— 

9*92 






Oxygen equivalents 






0*5 

5*22 

5*58 

5*22 

3*07 

4*35 

— 

4*65 

4*20 

3*75 

5*35 

9*58 

8*80 

1*0 

5*20 

5*58 

5*20 

3-94 

4*43 

5*19 

4*00 

4*08 

3*82 

5* J 4 

8*79 

8*79 

1*5 

5*28 

504 

5*10 

4*08 

4*50 

5*21 

4*05 

4*15 

3*79 

5*31 

8-72 

8-38 

2*0 

5*32 

5*05 

5*28 

4*05 

4*50 

5*28 

4*55 

440 

3*83 

5-32 

8*92 

8 18 

2*5 

5*31 

5*02 

5*30 

4*00 

4*50 

5*28 

4*49 

4 23 

3*83 

5*04 

8-70 

8*33 

3*0 

5*36 

5*03 

5*18 

4*12 

4*59 

5*32 

4*53 

4 21 

3*88 

5*07 

8*08 

8*27 

3*5 

5*42 

5*01 

5*32 

4 15 

4*73 

5*33 

4*54 

4*25 

3*89 

4 91 

8*71 

814 

4*0 

— 

5*02 

5*14 

4 11 

4*72 

5*37 

444 

4*23 

3*93 

4*07 

— 

7*99 

4*5 

. 


. 

410 


— 

— 

4*10 

3*92 

440 

— 

7*94 

Average 

5*31 

5*02 

5*24 

4*04 

4*55 

5*28 

4*56 

4*18 

3*85 

...... 

. 

— 

% devia- 

0 

4 5*8 

- 1*3 

-23*9 

-14*3 

- 0*5 

-14*1 

*■■ 21*3 

-27*5 

— 

— 

— 


tion from ( - 8*3)* ( - 15*6)* 

glucose 

♦ % deviation from xylose. 


Experimental. 

The procedure of Hanes was followed, but 0*01 N sodium thiosulphate 
was used for all titrations. In Table I are given the titration data of dupli¬ 
cate determinations and the oxygen equivalents for the sugars studied. All 
sugars, except the two disaccharides, were anhydrous; maltose and lactose 
were the monohydrates. The stock solutions were freshly prepared and 
checked by the Bertrand method and by optical rotation. These concentrations 
were 10-00 ±003%. Decimal dilutions were made for the determinations 
and any deviation from 10-00 % in the stock solution was taken into account. 
The variation in reducing power with concentration of sugar is shown by the 
curves in Fig. 1. 

10 % solutions of glucose and galactose were set up in 0*1 N Isa OH; one 
portion of each was neutralised immediately, another after 24 hours at room 
temperature. In another experiment they were exposed for 12 hours to 
0-5 N NaOH at 30°. The [a] 7) of the glucose changed from ± 52° to • 11° in the 
former and to - 4° in the latter experiment, the [&% of the galactose from ± 81 
to + 56° and + 43° respectively. The apparent diminution of ferricyanide- 
reducing power was 5-4 % for glucose and 7-8 % for galactose in the second 
experiment, whereas the 0* 1 N alkali did not decrease the reducing titre of either 
solution for ferricyanide. As fructose shows a smaller reduction than glucose by 
Bertrand’s method [Rohny, 1928] but a greater one with ferricyanide, the 
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quotient changes from 1-00 to 1-035 and 1-09 in the glucose experi¬ 

ments, and from 1-00 to 1-055 and 1*07 in those with galactose. From these 
findings it may be concluded that the Lobry de Bruyn alkali rearrangement of 
galactose into the epimeric talose and the ketose tagatose causes merety slight 
changes of ferricyanide-reducing power analogous to those observed in the 
glucose-mannose-fructose group. The average ferricyanide-reducing power of 
the alkaline equilibrium mixture derived from galactose remains more than 
20 % below that from glucose. 



Fig. 1. Titration data for (l) Fructose (XJ ), (2) Glucose (A), 
(3) Galactose + glucose (1:1) (□) and (4) Galactose (O)- 



The reducing power of invert sugar is practically that of glucose instead of 
the expected average of glucose plus fructose. This parallels Rohny’s [1928] 
findings for the Bertrand method. For the glucose-galactose mixture the curve 
approaches the mean value, but is slightly closer to the galactose curve. It is 
easy to correct the interpolations incident to the analysis of varying mixtures. 


Summary. 

1. Significant differences in the reducing power of several sugars with 
K 8 Fe(CN) 6 are demonstrated. 

2. These differences are correlated with tmns and cis configuration of the 
sugars in the following manner. In aldo- and keto-hexoses the configuration 
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between the third and the fourth carbon atom is the determining factor: in 
aldopentoses the configurations of C 2 —C 3 and C 3 —C 4 share the influence on 
the reducing power. 

This is illustrated by the following examples : 

glucose/mannose, isomerism on C 2 —C 3 , no difference in reducing power; 
glucose or mannose/galactose C 3 —C 4 , trains > cis ; 
arabinose/ribose C 2 —C 3 , trans > cis ; 

xylose/arabinose C 3 —C 4 , trans > cis. 

/ 

We wish to thank Dr P. A. Levene of the Rockefeller Institute for Medical 
Research, for a specimen of pure ribose. 
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XLVII. A NOTE ON THE OXYGEN CONSUMPTION 
OF NERVE IN THE PRESENCE OF GLUCOSE 
AND GALACTOSE. 

By MOHAMED SHERIF and ERIC GORDON HOLMES. 

From the Pharmacological Laboratory , Cambridge . 

{Received February 28th, 1930.) 

In a previous communication [Slierif, 1930] reference was made to the effect 
of galactose on the oxygen uptake of mammalian (rabbit) peripheral nerve, as 
measured in Barcroft’s apparatus. Since then, a good many more experi¬ 
ments have been performed, and the results, though at present isolated 
observations, seem worth recording briefly, in the expectation that they may 
have a bearing on future work. 

It was found that, if galactose in concentrations of 0-1 to 0-25 % was 
added to the fluid (Ringer or Ringer plus phosphate buffer) in which one of 
the nerves under observation was bathed, the oxygen uptake, measured over 
the usual three hour period, was very nearly linear, while that of the “control” 
nerve (no galactose) usually showed a distinct falling off. If glucose were 
substituted for galactose, the same effect could not be demonstrated with 
certainty. Since, how v ever, in a number of experiments, the oxygen uptake 
of the control nerve was itself almost linear, a certain doubt was thrown on 
the reality of the result, although the average values for oxygen uptake, 
calculated for a number of experiments, substantiated the findings. By pro¬ 
longing the experiments over periods of 9 hours it has been possible to obtain 
definite results; errors due to bacterial growth in these experiments were 
avoided by washing the nerve and renewing the fluid at intervals of somewhat 
less than 3 hours. In these circumstances, a very definite falling off of the 
rate of oxygen uptake by the “control” nerve occurs, while that of the nerve 
in the presence both of galactose and glucose remains linear (Figs, 1 and 2). 

Gerard [1927] found that glucose in concentrations of 0-1 % had no effect 
pn, or in greater concentrations diminished, the oxygen uptake of frog nerve. 
Such would have been our own conclusion for rabbit nerve had we not finally 
prolonged our experiments. Holmes and Gerard [1929, 1930] have found 
that carbohydrate disappears from nerve during rest in oxygen, though the 
nature of the carbohydrate remains uncertain. Nerve contains at least 5 mg. 
of galactose per g. tissue, combined as cerebroside. If this carbohydrate were 
available for oxidation, it is hard to see why further additions should affect 
the oxygen uptake. 
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Loebel [1925] has found that, while the oxygen uptake of slices of brain 
tissue is very markedly increased by glucose, it is diminished by galactose. 
We have confirmed this effect with glucose, and we find that, provided Ringer’s 



Fluid—4 parts Ringer, 1 part 
phosphate buffer, p u 7*(>. 

Arrows indicate whore fluid was renewed. 



Fluid—4 parts Ringer, 1 part 
phosphate buffer, p H 7-4. 

Arrows indicate where fluid w f as renewed. 


solution is used as suspension medium, galactose does not affect the oxygen 
uptake. 

The quantitative difference in the behaviour of brain and nerve towards 
the two sugars is thus very striking. 


Summary. 

Both galactose and glucose prolong the period for which isolated mam¬ 
malian nerves take up oxygen at a steady rate. 
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IV. THE OXIDATION OF PECTIN BY FENTON’S 
REAGENT AND ITS BEARING ON THE GENESIS 
OF THE HEMICELLULOSES. 

By ARTHUR GEOFFREY NORMAN 
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It is now some time since Nanji, Pa ton and Ling [1925] showed that the 
constitution of the unit of the pectin molecule might be expressed by a definite 
chemical formula. Their views seem to have met with fairly general accep¬ 
tance, as evinced by a number of later publications by various authors. 
Little attempt, however, has been made subsequently to examine the conse¬ 
quences following the treatment of pectin as a definite chemical entity. 
A number of researches has been carried out on the condition and function 
of pectin in the plant tissues, while the metabolic changes undergone by the 
pectic substances during the ripening and senescence of fruits have received 
particular attention; but in most cases the physiological aspect has been 
predominant, to the neglect of the chemistry of the subject. This is un¬ 
fortunate, since it is not possible to obtain a complete and true picture of 
the metabolism of any substance until the chemical changes which result in 
its formation and which occur in its degradation have been elucidated. 
Neither of these conditions is yet satisfied in the case of pectin, since there is 
no information as to its genesis, and little concerning its mode of breakdown 
and ultimate degradation products. The purpose of this investigation was to 
isolate certain degradation products of pectin by means not dissimilar to those 
possibly obtaining in the living plant. 

Candlin and Schryver [1928] recognised the close generic relationship 
•between pectin and the hemicelluloses, and proposed to include such sub¬ 
stances under the general term polyuronides. They claimed to have converted 
pectin to hemicellulose by more or less prolonged treatment with caustic 
alkalis, and made the suggestion that the process of lignification involved 
the transformation of pectin to hemicellulose and subsequently, perhaps, to 
lignin by some synthetic process. Attempts by one of us to repeat the experi¬ 
ments of Candlin and Schryver have, up to the present, resulted only in 
failure; the alkali produced only much charred material at temperatures 
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approaching 100° and effected no appreciable change in the pectin at lower 
temperatures. 

Nevertheless, the suggestion that pectin is converted to hemicellulose is 
an attractive one, based as it is on the fact that in non-lignified tissues 
cellulose and pectin are found, together with only small quantities of hemi¬ 
cellulose, whereas in lignified tissues we find cellulose, hemicelluloses and 
lignin, but only traces of pectin [O’Dwyer, 1925, 1926, 1928; Norris and 
Schryver, 1925]. 

The mechanism in the plant of the transformations indicated above is 
obscure, and few attempts have been made in the laboratory to imitate such 
changes. It would seem that the action of caustic alkalis is rather drastic, nor 
does it approximate to any action likely to take place in the living organism. 
A process of mild oxidation might, however, effect the conversion of pectin 
to an allied substance both in the plant and under laboratory conditions. 
Accordingly, attempts were made to treat pectin with suitable oxidising 
agents, and bromine in the presence of calcium carbonate was first employed, 
with indifferent success. The oxidation was extremely slow, and the products 
obtained were difficult to isolate owing to the presence of unchanged pectin. 
Later, the mild oxidation effected by Fenton’s reagent—hydrogen peroxide 
in the presence of ferrous iron—suggested itself, and this proved to be the 
more useful reagent. 

It will be recalled that the pectin formula of Nanji, Patou and Ling [1925] 
involves a unit consisting of one molecule of arabinose, one molecule of 
galactose and four molecules of galacturonic acid combined as anhydrides in 
a closed ring, the four carboxyl groups being free. From primary considera¬ 
tions it appeared possible that these carboxyl groups might be removed by 
the action of Fenton’s reagent, and if at the same time the ring suffered no 
rupture then a product of the nature of a hexo-pentosan might be obtained. 

As will appear in the experimental section, it was found that the action 
of Fenton’s reagent was more vigorous than anticipated. The reaction was 
difficult to control; at temperatures below 30° no action was evident, whilst 
above 35° the pectin appeared to be oxidised completely away. Once com¬ 
menced at 30° the action was strongly exothermic, control of temperature 
was sometimes difficult and if the temperature rose above 35° the yield of 
products precipitable by alcohol was considerably lowered. 

Products in the form of white powders were obtained in each of a series 
of oxidations carried out on similar samples of a commercial pectin obtained 
from lemons and on calcium pectate similarly derived. These products are 
precipitable by alcohol and bear a strong physical resemblance to the hemi¬ 
celluloses. Their almost complete lack of reducing power and their rather 
high rotatory power suggests that they are polymerised substances, and the 
results of analysis show that they are mixtures of substances whose simplest 
units consist of galactose and galacturonic acid combined in varying propor¬ 
tions, This result is a very surprising one and the original suggestion, that 
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the acid groupings might be eliminated by Fenton’s reagent, breaks down. 
The pectin ring appears to be broken, arabinose is lost and galactose and 
galacturonic acid remain. The reactions involved are probably much more 
complex than indicated by the foregoing, but at present no information is 
available which throws light on any intermediate stage of the completed 
reaction. 

Experimental. 

Preparation of Fenton's reagent . 

The catalyst employed in this reaction is ferrous acetate, and since this is 
an unstable substance which readily oxidises in the air it is necessary to prepare 
it as required. About five parts by weight of barium acetate and three parts 
of ferrous sulphate are dissolved in a small volume of cold water. The filtered 
solution is employed in the reaction, but since the mixing has to be carried 
out in the cold, the precipitated barium sulphate is in such a fine condition 
that it passes good filter papers to a considerable extent. As will be seen later, 
the presence of barium sulphate tends to raise the ash content of the final 
product to a rather high figure, but this cannot easily be avoided. In some 
cases the barium sulphate was separated at the centrifuge, but this was not 
very satisfactory owing to partial oxidation of the ferrous acetate. 

Oxidation of pectin. 

The pectin employed in this work was a commercial product of good 
quality, with an ash content of 2*2 %, prepared by the method of Wilson 
[1925]. One litre of a smooth solution of 2% concentration is placed in a 
large beaker and to this is added the iron catalyst as prepared by the method 
indicated above. For 20 g. of pectin approximately 0*2 g. of ferrous iron is 
sufficient. The beaker is placed in a water-bath at 30° and throughout the 
reaction the mixture is stirred as rapidly as possible with a strong stirrer 
provided with vanes. After the addition of iron, which causes the solution 
to stiffen and gel, 50 cc. of hydrogen peroxide (20 vols.) are run in at once, 
after which the viscosity of the solution rapidly diminishes. During the next 
2 hours a further quantity of 150 cc. of hydrogen peroxide is added slowly 
from a dropping funnel and large quantities of carbon dioxide are evolved. 
Unless precautions are taken the temperature of the solution may rise to 50° 
or more and this must on no account be permitted since it is found that the 
yield is much decreased if the temperature is allowed to exceed 35°. The 
surrounding water-bath has therefore to be cooled at this stage of the reaction, 
although unless the temperature of the solution is initially raised to about 30° 
the reaction does not proceed to any extent. At the end of 4 hours the 
solution is filtered and poured into 2 to 4 volumes of alcohol, in which 
a white precipitate appears. This should be filtered off within a few hours, as 
the precipitate becomes greyish after longer contact with alcohol. A further 
small quantity of the product may be obtained by concentrating the alcoholic 
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filtrate under diminished pressure and pouring into alcohol; this product is 
identical with the bulk of the precipitate. The total yield is small, about 
5 % on an average. 

Since the Fenton reaction for the degradation of sugars of one series to 
those of a lower one is usually carried out on the calcium salt of the sugar 
acid, calcium pectate, in the form of a gel in aqueous suspension, was em¬ 
ployed in some cases in lieu of the pectin solution. The calcium pectate gel is 
prepared by adding to a solution of pectin an equal volume of saturated lime 
water. After standing overnight, the resulting gel is thoroughly washed with 
water and suspended in water for the oxidation, which is carried out as pre¬ 
viously described. By using the calcium gel as the starting point, the high 
viscosity which is given by the pectin solution in the early stages is avoided. 
However, there seemed to be no particular practical advantage in this, and 
further there was the grave disadvantage that even more inorganic material 
w as introduced, with a resulting effect on the ash content of the final product. 

Many samples w r ere prepared under various conditions of time, tempera¬ 
ture and concentration of pectin and peroxide, but the conditions indicated 
previously give the best yield of product, careful control of temperature being 
of major importance. If the reaction is unduly prolonged the oxidation pro¬ 
ceeds to a stage at which no precipitate is given with alcohol. The precise 
nature of the products under these conditions has not been determined but it 
is believed that the pectin is completely oxidised to carbon dioxide and water. 

The ash content of all preparations was high, due to the ash of the original 
pectin and the barium sulphate added witli the catalyst. Various attempts 
were made to low’er the ash content. Slight acidification of the dissolved product 
with hydrochloric acid, followed by dialysis, was unsuccessful since it was 
found that the products passed through good quality parchment, resembling 
in this respect certain water-soluble hemicelluloscs. By repeated solution in 
slightly acidified warm water, filtration and reprecipitation the ash content 
was reduced. The amount of ash remaining, however, was even then quite 
appreciable; one sample, for instance, was dissolved and reprecipitated many 
times, but still retained nearly 8 % of ash. 

Hydrolysis of the oxidat ion prod net. 

An examination of the products of hydrolysis was carried out in some 
detail. A small quantity of the preparation w r as boiled for several hours with 
1 % sulphuric acid and neutralised while still hot w r ith barium carbonate. 
The precipitated barium sulphate and excess barium carbonate were filtered 
off and the filtrate divided into three portions. 

(i) Phenylhydrazine w T as added and the osazone prepared in the usual 
manner. The purified osazone was obtained in the form of crystals which 
resembled those described for galactosazone, when examined microscopically. 
Recrystallised from 60 % alcohol, the osazone had m.p. 181°; this is not in 
very close agreement with the recognised melting point of galactosazone— 

Bioohem. 1930 xxiv 20 
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191 °—but tie presence of small quantities of organic material may cause a 
lowering of the observed melting point. 

(ii) Nitric acid was added to give a concentration of about 25 % and the 
mixture gently heated on a water-bath for several hours. After standing 
overnight, considerable quantities of mucic acid were precipitated, indicating 
the presence of galactose or a galactose derivative. 

(iii) To the third portion alcohol was added until a whitish precipitate 
appeared; this was filtered off and dissolved in 25 % nitric acid. On treating 
this as in (ii) above, mucic acid was again precipitated. The w r hite precipitate 
was therefore most probably the barium salt of galactiironic acid; this salt 
is soluble in water and would be formed when excess of barium carbonate 
was added to the hydrolysis liquid. Further critical examination was not 
possible owing to the small quantity of material available. Having regard 
to the nature of pectin it is impossible to conceive that the uronic acid present 
could be glycuronic acid; moreover, this acid yields a characteristic osazone, 
which was not detected. The presence of a uronic acid was amply confirmed 
by the results of quantitative analysis which will be discussed later. The two 
substances, galactose and galactiironic acid were the only ones detectable in 
the hydrolysis liquid. No trace of pentose was found, an observation which 
also was borne out by the results of analysis. 

The progress of hydrolysis was followed under standardised conditions, 
samples being taken from the mixture at definite intervals and reducing sugars 
being determined by the iodimetric method of Baker and Hulton [1920]. The 
results in the following table are given in terms of the iodine equivalent to 
100 g. of the ash-free product, and recalculated to galactose by the use of 
the factor 0-73. 


Table I. 

Rate of hydrolysis of the Fenton product . 

Time in hours 

Iodine equivalent to 100 g. 

IT 

Calculated as galactose 

0 

15*17 

£* 

10*08 

0-5 

25*07 

18*88 

1 

31*50 

2300 

2 

37*30 

27*20 

4 

43*01 

31*45 

6 

45*90 

33*58 

8 

49*40 

36*10 

10 

51*20 

37*40 


It will be seen from Table I that the substance gives slight reduction 
before hydrolysis and that hydrolysis with sulphuric acid of the concentration 
employed—1 %—is slow. The substance is therefore comparatively stable 
and the linkages within the molecule are strong. 

The optical rotation of the samples was determined in some cases and the 
products were found to be strongly dextro-rotatory. Typical results were as 
follows: 

Preparation (i) [«]^°° » + 162-9°. 

Preparation (ii) [a]^°° » + 161-0°. 

Pectin itself has a specific rotation of the order of 4- 231°. 
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Quantitative analysis. In addition to the determination of ash, estimations 
of total furfuraldehyde by the method of Tollens were carried out, and the 
yield of carbon dioxide obtained on hydrolysis with 12 % hydrochloric acid 
was also determined by the method of Nanji, Paton and Ling [1925]. 

The content of uronic acid anhydride is obtained by multiplying the yield 
of carbon dioxide by 4 and is shown in the fourth column of Table II. It is 
also known that the uronic acid anhydrides yield approximately 16*66 % of 
their weight of furfuraldehyde and consequently the theoretical amount of 
furfuraldehyde given by the uronic acid groups in the products can be calcu¬ 
lated. This calculated figure appears in column 5 of Table II and it will be 
seen that within the limits of error this approximates to the actual yield of 
furfuraldehyde obtained experimentally. Hence it is clear that no pentose 
units are present and the conclusion previously arrived at, that galactose and 
galacturonie acid are the only products of hydrolysis, is justified. 

Table IT. 


Furfuraldehyde 


Product. 

Ash 

Carbon 

dioxide 

Uronic 

anhydride 

Calculated 

Found 

Xo. 

o 

o 

o 

o 

() 


o 

, o 

, o 

0 

, O 

1 

J7 27 

15*13 

60-52 

10*08 

10*21 

2 

26-65 

14*93 

59*72 

9*95 

10*00 

3 

20-55 

14-44 

57*76 

9*61 

9*85 

4 

7*68 

13-75 

55*00 

9*14 

8*65 

r» 

13-38 

13*41 

53*64 

8*93 

8*84 

6 

14*27 

13*26 

53*04 

8*83 

8*41 

7 

16*42 

12*95 

51*80 

8*63 

8*70 

8 

30*98 

12*48 

49*92 

8*31 

8*34 


All results are calculated on an ash-free basis. 


The table shows a series of products in which the amounts of galactose 
and galacturonie acid increase and decrease respectively as the table is 
descended. The last product approximates very closely to a simple unit 
corresponding to galactose-monogalacturonic acid (uronic acid anhydride 
content, 49*4 %) and the first products approach the figure—66*16 % uronic 
acid anhydride—required by a substance whose simplest unit would be 
galactose-digalacturonic acid. It cannot be definitely stated, however, that 
these products represent mixtures of these two acids in polymerised form, 
since there might equally well be present acids whose simple units contain 
three or four galacturonie acid residues combined with galactose. Again, bv 
an extension of the series in the opposite direction it may be possible to obtain 
mixtures containing such units as digalactose-monogalacturonie acid. Until 
further research has been carried out it is only possible to say that the 
products of oxidation of pectin are mixtures which yield on hydrolysis galac¬ 
tose and galacturonie acid in varying proportions, which depend on the 
exact conditions of the reaction. These mixtures probably represent stages in 
the reaction, and were the latter more susceptible to accurate control there 
seems no reason, in theory, why one or other of the constituents of the mixture 
should not solely be obtained, as, in fact, appears to be the case with sample 
No. 8, 

26—2 
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Discussion. 

The oxidation of pectin by means of Fenton's reagent thus follows a wholly 
unexpected course. There is no production of the hexo-pentosan which theore¬ 
tical considerations led us to expect. Nevertheless, the conversion of pectin 
to a mixture of substances with a strong generic resemblance to the hemicellu- 
loses may be said to have been achieved. The two hemicelluloses of beechwood 
isolated by O'Dwyer [1926] yielded on hydrolysis arabinose and galacturonic 
acid, and xylose and glycuronic. acid respectively. Norris and Preece [1930] 
have recently described hemicelluloses of wheat bran which yield in one 
case two sugars, and in other cases a sugar and a uronic acid on hydrolysis. 
Norman [1929, 1] has isolated hemicelluloses from cereal straws which yield, 
similarly, a uronic acid and pentose and hexose sugars. Schorger and Smith- 
[1916] described a substance which they termed e-galactan, a water-soluble 
and slightly reducing product obtained from the wood of the Western Larch. 
Careful analysis by them showed that galactose was the only sugar present. 
The c-galactan, however, yielded 6*18 % of furfuraldehyde. It would seem 
now that this was undoubtedly due to galacturonic acid and that e -galactan 
is a substance not unlike those produced by us in the oxidation of pectin. The 
6*18 % of furfuraldehyde would be derived from 37*2 % of galacturonic acid 
anhydride, the remaining 62*8 % presumably consisting of anhydro-galactose. 
This corresponds very closely with the simple unit represented by digalactose- 
galacturonic acid. The conviction is therefore growing that the structural 
hemicelluloses will be found to exist universally as conjugated products, which 
yield on hydrolysis either tw r o sugars, or, more generally a sugar or sugars, 
and a uronic acid. 

Clearly then, such products as have been obtained by the mild oxidation of 
pectin fall within the category of hemicellu 1 oses or polyuronides as indicated 
above. Meanwhile attempts are being made to separate the products obtained 
into their components. 

Norman [1929, 2] has suggested that the formation of substances of the 
nature of pectin, hemicelluloses and the gums, can be accounted for by the 
mild oxidation of linked hexosan units. This theory therefore receives some 
support from the results described above. Oxidation by means of Fenton's 
reagent is being applied to natural products related to pectin with a view 
to the publication of further details of the method in the near future. 

Summary. 

1. Pectin may readily be oxidised by means of Fenton's reagent. 

2. The reaction temperature must be carefully controlled, and must not 
be lower than 30° nor higher than 35°. 

3. The products of this exothermic reaction are mixtures, yielding on 
hydrolysis, galactose and galacturonic acid. They are possibly polymers con¬ 
taining ma^nfy |jalactose-monogalacturonic acid and galactose-digalacturonio 
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acid, although the presence of other conjugated acids containing galactose 
and galacturonic acid is not ruled out. 

4. The products resemble in appearance and general properties the 
structural hemicelluloses, such as those obtained from wheat bran, beech wood 
and cereal straws. 

5. Some support is lent to the view that the hemicelluloses may be formed 
in nature by the protracted mild oxidation of pectin. 
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Of the enzymes involved in purine metabolism, it has been shown that in 
the mammalian embryo xanthine oxidase is one of the last to function and 
does not appear until in late antenatal or early postnatal life. 

Working with the livers of embryo pigs, Jones and Austrian [1907, 1, 2] 
could not demonstrate its presence in embryos up to 200 mm. in length. 
Mendel and Mitchell [1907, 1907-8], working with embryos up to 230 mm., 
came to the same conclusion. These authors found the enzyme to be present 
in the liver of a suckling pig about 7 weeks old; intermediate stages were 
not examined, so the exact time of its appearance in the pig’s liver cannot 
be stated. Wells and Corper [1909], working with human foetus, found the 
enzyme to be present in the liver and viscera at full term, but could not 
demonstrate its presence at, or before, the 6th month, it presumably being 
developed between that time and full term. Przylecki and Rogalski [1927], 
working with glycerol extracts of w T hole embryos, demonstrated the presence 
of the enzyme in embryonic chicks on the 7th day. 

It seemed of interest to determine with greater precision the period in the 
development of the avian embryo at which the enzyme makes its appearance 
in various organs. The earlier studies involved the laborious process of esti¬ 
mating the bases before and after the experimental period. The methylene 
blue anaerobic technique, as first employed in tills connection by Morgan, 
Stewart and Hopkins [1922] and by Morgan [1926], makes the demonstration 
of the enzyme an easy and rapid affair. 

The organ or tissue is ground up with a measured volume of 2 % sodium 
fluoride solution, and, in order that any xanthine or hypoxanthine originally 
present in the extract may be destroyed (by oxidation under the influence of 
the enzyme), the preparations are allowed to stand for 24 to 48 hours. 

The p n of the solution if below 6-0 being adjusted to this value, the time 
taken for the reduction of a measured amount of methylene blue is deter¬ 
mined, (a) in the untreated extract as a control, ( b ) after the addition to the 
extract of a suitable amount of hypoxanthine. 

After treatment as above, the extract by itself reduces very slowly, if at 
all, whereas, when the oxidase is present, the velocity of reduction is greatly 
increased by thq addition of hypoxanthine. On the other hand, when the 
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enzyme is absent the reduction times of the extract with and without added 
hypoxanthine are found to agree very closely. 

It is clear that the reciprocal of the reduction time gives a not unsatisfactory 
measure of the relative concentration of the enzyme. 

Experimental. 

White Leghorn hens’ eggs were used for the investigation. The eggs, after 
the proper time of incubation, were opened, the embryos removed, washed 
in three changes of distilled water and dried on filter paper. Up to and in¬ 
cluding the 14th day the whole embryos were used; on the 15th day and after, 
the dissected organs from several embryos were used. 

Preparations were then made from the embryos or organs. Five volumes 
of 2 % sodium fluoride solution were used for the yolk and yolk sac, and 
10 volumes for all other preparations, with the exception of the pancreases, 
which were ground up with 5 cc. irrespective of their weight. 


Table I. 


K.T. — Time for complete reduction. 

A plus sign in the K.T. columns indicates that the observation ceased before reduction was 
complete, no difference being then observable between the two tubes compared. 


Bay of 

Nos. of 



K.T. 


incuba¬ 

embryos 

Tissue 

t — 

A 

Xanthine 

tion 

used 

preparation 

Control 

Hypoxanthine 

oxidase 

0 

10 

Whole embryos 

11 hrs. + 

11 Ill’S. + 

_ 

8 

3 


10 „ + 

10 „ 

_ 

9 

10 


8 f1 4 - 

8 „ + 

_ 

11 

3 

99 

10 „ 4- 

10 „ 4- 

__ 

13 
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8 „ + 

8 „ + 

__ 

15 

13 

Livers 

4 „ 50 mins 

4 ,, 50 mins. 

- 


n 

„ 

Kidneys 

6 




+ 

0 

” 

37 


4* 

99 

»* 

Other viscera 

7 




+ 

7 



4- 

__ 

16 

7 

Livers 
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5 



7 


5 


_ 

99 

„ 

Kidneys 

7 




4- 

1 


5 


4- 

17 

13 

Livers 

r> 


7 



5 


10 


__ 

18 

11 

Kidneys 

5 


5 



5 


5 


_ 
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5 




+ 

0 

it 

13 


4- 

19 

12 
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4 
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4 
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4- 
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10 


+ 


„ 
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24 

9y 



+ 
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4- 

Trace 

20 

5 
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3 

a 

12 
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12 
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4 

a 

7 

,, 


0 

a 

9 

99 

+ 


,, 
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24 

a 



4" 
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4- 
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*» 

,, 

Heart 
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4* 
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4- 


a 

»* 
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8 




+ 

8 



+ 

_ 


n 
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4- 

5 



+ 

— 
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Intestines 

6 
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6 


32 



»» 

» 
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5 

ti 



4- 

5 



+ 


21 

4 

Kidneys 

6 

ii 



4- 

0 

*r 

10 

ii 

+ 

*» 

a 
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24 

ii 



4- 

10 
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+ 

„ 

3 
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3 


46 



3 


46 


_ 



(eggs not chipped) 











,, 

1 
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5 

»» 

38 
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5 

*> 

38 


- 

a 

1 
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3 

it 

40 
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3 


40 


_ 

»» 

5 
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2 

if 
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0 

9t 

46 

a 
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»* 

4 
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0 


38 


4- 
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4 
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2 

ti 

39 
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0 


4 

t> 
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Table II. 


Day of 






R.T. 






inouba- 


/ _ 




_-a—- 


— 


~\ 

Xanthine 

tion 

Preparation 


Control 


Hypoxanthine 

oxidase 

0 

Yolk 

24 lira. 


+ 

24 

hrs. 



4* 

- 

2 

■ ff 

24 

99 


+ 

24 

99 



4~ 

- 

3 


24 



4* 

24 

99 



+ 

- 

4 


24 



4- 

24 

99 



4* 

~ 

6 


24 

99 


+ 

24 

99 



4- 

- 

ff 
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24 

99 


+ 

24 

99 



4- 

— 

7 


24 



+ 

24 




+ 

— 

ft 
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4- 

11 

99 
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a 
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4- 

24 

99 



+ 
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48 

99 


+ 

11 

99 
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9 

ff 

24 

99 


4- 

24 
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4- 


99 
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4 

99 
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1 
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From 2 to 5 cc. of the preparations were measured into two vacuum tubes. 
To one was added from 0*2 cc. to 0*5 cc. of a freshly prepared Mj 100 hypo- 
xanthine solution in phosphate buffer 7-6, and to the control the equivalent 
amount of phosphate buffer. To each was added the same quantity, 0*5 cc. 
to 1 cc., of Mj 100 methylene blue solution. The tubes were well evacuated, 
placed in a thermostat with a glass side at 37°, and the reduction time noted 
(Tables I and II). 


Discussion. 

It will be seen from the tables that the method used gave results which 
for the most part were unequivocal. In the majority of the observations, 
which have been assumed to prove the absence of the oxidase, the R.T. 
figures for preparations, respectively with and without added hypoxanthine, 
were practically identical. So frequently was this agreement observed, when 
the tissues had received the treatment described, that a relatively small 
increase in the velocity of reduction due to the addition of hypoxanthine (as 
in the case of the embryo pancreas on and after the 19th day) seems to prove 
that the oxidase was then present in low concentration. 

It will be seen from Table I that the oxidase was present in the kidney 
from the 15th day and in the pancreas from the 19th. In each case the day 
mentioned was the earliest upon which the organ in question was examined 
individually. Before the 15th day whole embryos had to be employed. It is 
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possible that the developing kidney might earlier have contained low con¬ 
centrations of the enzyme; the organ constituting, however, too small a pro¬ 
portion of the whole embryo for this to be detected. It is certain that the 
enzyme w r as absent from all other organs of the embryo examined up to the 
last day of incubation, wrhen it suddenly developed in the liver. 

On the other hand the evidence seems conclusive in showing (Table II) 
that it may be present in the yolk sac, though not in the yolk, from the 
7th day onwards. Since other authors have found that the yolk sac has 
properties which are not those of an inert membrane it may prove of interest 
to have shown that a catalyst is associated with its structure. 

Przyleekiand Rogalski [1927], as mentioned earlier, found some evidence 
for the existence of the oxidase on the 7th day. It is not clear from their 
papers whether the material they extracted contained the yolk sac or not. 

I have previously [1926] reported a negative result for the pancreas of 
the fowl but the enzyme is undoubtedly present, although in relatively low 
concentration, in the White Leghorn embryo and chick’s pancreas used in 
this research. This may be a question of age, or of activity of the gland and 
will need reinvestigation. 

The circumstances of the appearance of the oxidase in the liver constitute 
the most interesting point revealed by this investigation. So far as its late 
appearance in this organ is concerned the results are in accordance with what 
has been found in the mammalian embryo; but my observations indicate 
that the appearance is, in the case of the fowd, a highly critical phenomenon. 
I have found consistently that on the last day of the incubation, before the 
chicken has broken the shell, no evidence of the presence of the enzyme in 
the liver can be obtained. Yet bv the time a hole is made big enough for 
emergence (representing but. a few hours’ activity on the part of the young 
bird) the oxidase is found in the organ in highly effective concentration. 
There is a further increase during the first day after emergence. 

It would seem that any speculations concerning the nature of biological 
catalysts of this type must take account of the fact that their appearance in 
a tissue may be of this sudden kind. 

Summary. 

1. The embryo of the chick has been investigated for the presence of 
xanthine oxidase. It is present in the kidney on the I5th day and in the 
pancreas on the 19th day, the earliest days on which the individual organs 
were tested. 

2. It is not present in the liver until the 21st day when its appearance is 
strikingly sudden. 

My thanks are due to Sir F. G. Hopkins for giving me opportunities for 
making the observations and to Dr Needham for the supply of the embryos 
employed. 
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L. FACTORS AFFECTING THE CATALYTIC 
ACTION OF COPPER IN THE OXIDATION 
OF CYSTEINE. 


By CONRAD ARNOLD ELVEHJEM 
(National Research Council Follow. Washington). 

From the Biochemical Laboratory , Cambridge . 

(Received March 3rd , 1930.) 

The catalytic effect of salts of copper and other metals on the oxidation of 
cysteine was first demonstrated bv Mathews and Walker [1909]. The greatest 
activity was obtained in a neutral solution of cysteine and the least in an 
acid solution. In spite of this work the reaction was considered for many 
years to be one of autoxidation in which the cysteine, when under favourable 
conditions, is oxidised directly by atmospheric oxygen. However, the so-called 
autoxidation was shown by Warburg and Sakuma [1923] to be due entirely 
to the presence of heavy metals, and to be to a large extent inhibited by 
KCN, the effect of which they ascribed to the formation of an inactive com¬ 
pound with the heavy metals present. 

Toda [1926] showed that the addition of iron accelerated the reduction 
of methylene blue by cysteine and that this reaction was inhibited by KCN. 
Harrison [1927] found that copper was also active in stimulating the anaerobic 
oxidation of cysteine and thioglycollic acid, and that cyanide was equally 
effective in the inhibition of the reaction under these conditions as in aerobic 
oxidation. These observations undoubtedly prove that the oxidation of 
cysteine in any appreciable amount takes place only in the presence of certain 
heavy metals. 

The catalytic effect of heavy metals on the oxidation of cysteine has been 
used by Warburg [1927] for the quantitative determination of these elements 
when present in minute traces. He found that pyrophosphate inhibited the 
activity of iron and manganese completely, but did not affect the action of 
copper in the oxidation of cysteine. He could therefore determine quantita¬ 
tively small amounts of copper in the presence of iron and manganese by 
following the rate of oxygen uptake with cysteine in a pyrophosphate buffer 
solution under fixed conditions. 

Apart from these studies very little work has been done on the various 
factors influencing the action of copper in the oxidation of cysteine. Dixon 
and Tunnicliffe [1923], before the importance of the presence of heavy metals 
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was realised, made a very complete study of the factors affecting the oxida¬ 
tion of cysteine, as well as of glutathione and thioglycollic acid. It is difficult 
to say, however, whether the oxidation obtained in the case of these sulphydryl 
compounds was due to the presence of iron, copper, or even other metals. 
A study of the factors operative when copper alone is responsible for the 
oxidation is, therefore, important. 

* The fact that copper may interfere when cysteine is used for the study of 
oxidase activity was recently demonstrated by Keilin [1930], who used the 
rate of cysteine oxidation to determine the activity of an oxidase-cytochrome 
system. When he added MJ\ 00 pyrophosphate to the mixture of cysteine, 
cytochrome, and oxidase, in an orthophosphate buffer at p B 7*3, to determine 
if any of the activity was due to free iron, which pyrophosphate would inhibit, 
he found that there was a great acceleration in the oxygen uptake rather than 
an inhibition. Keilin suggests that this acceleration is due to the action of 
pyrophosphate on the copper which may be present in the heart muscle 
preparation used as the source of oxidase. A quantitative determination of 
copper shows that there is a sufficient amount of this element present to 
account for the increased oxygen uptake observed, 

Dixon and Elliott [1929] found that the addition of small concentrations 
of pyrophosphate caused a slight acceleration in the respiration of liver in 
buffer solutions. This may also be due to the action of pyrophosphate on the 
copper in the liver, because no acceleration was observed in the case of muscle 
which is much lower in copper. Of course in the direct measurements on 
tissues the action of pyrophosphate is complicated by the presence of iron. 

The following experiments are recorded to explain this phenomenon as 
well as to demonstrate other factors which affect the catalytic properties of 
copper. 


Experimental. 

All the measurements were made aerobically and the rate of oxygen uptake 
was measured in Bareroft differential manometers. The right hand flask of 
the apparatus contained in most cases 3 cc. of buffer solution including the 
cysteine and copper additions. Equivalent amounts of buffer solution were 
always placed in the left hand flask together with similar amounts of muscle 
tissue, when measurements were made with muscle as a source of copper. 
0*3 cc. of 10 % NaOH was placed in a small tube fused to the bottom of each 
flask. The apparatus was shaken in a water-bath at either 20° or 37°. Three 
to five minutes were allowed for equilibration, then the stopcocks closed, and 
readings taken at definite intervals. Extreme care was taken to free the flasks 
from any traces of copper by washing them with cleaning solution, tap water, 
HC1, tap water, and finally rinsing them several times with redistilled water. 

All solutions and reagents were especially prepared to eliminate traces of 
copper. The water used was redistilled from an all glass apparatus. 

Cysteine hydrochloride . Pure cysteine hydrochloride was prepared by 
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recrystallising twice from concentrated redistilled HC1 1 . The crude cysteine 
hydrochloride was dissolved in the least amount of hot HC1 necessary for 
complete solution, the solution cooled on ice, and the crystals filtered. After 
this process had been twice repeated, the crystals were dried in a vacuum 
desiccator over calcium chloride and sodium hydroxide. The purity of this 
preparation is demonstrated by the exceedingly low oxygen uptake recorded 
when it is subjected to optimum conditions of oxidation. A considerable loss 
of cysteine is encountered in this method, but the quality of the product 
justifies the loss. The cysteine hydrochloride was brought to the proper p H 
with pure NaOH before being added to the mixture. 

Pyrophosphate. A concentrated solution of sodium pyrophosphate was 
made, filtered, adjusted to approximately p u 8*0. at which p H copper pyro¬ 
phosphate is soluble, and cooled with ice to allow the salt to crystallise. The 
salt was filtered off and dried at 10<)°. M/5 and Mj 10 solutions of sodium 
pyrophosphate were made by dissolving the theoretical amount in water and 
adjusting the p H , in most cases to 7-6, with N HC1. 

Sodium hydroxide . Sodium hydroxide free from iron and copper was pre¬ 
pared by first allowing a 10 % solution to stand for several days and decanting 
the clear solution from any precipitate formed. A 0*2 M solution was then 
made and treated in the same manner. 

Phosphate buffer. This was made according to Clark and Lubs from acid 
potassium phosphate and sodium hydroxide. The 0*2 M solution of acid 
phosphate was allowed to stand several days to precipitate any iron or copper. 
After adding the proper amount of NaOH to give the desired p H , the solution 
was diluted to M/15 or M/30 concentration. 

Borate buffer . This was made from M/20 borax and M/5 boric acid 
according to the table of Palitzsch. These salts were used directly without 
further purification, but blank determinations showed that they contained 
very little copper. 

Copper solution. Made by diluting a standard solution of copper sulphate 
containing 0*1 mg. Cu per 1 cc. to give one which contained 1 >. 10~ 4 mg. 
Cu per 0* 1 cc. 

Blank determinations were made first in order to determine the purity 
of the cysteine hydrochloride and the buffer solutions used. The oxygen 
uptake was measured with cysteine in M/15 orthophosphate buffer p u 7*6, 
and also with cysteine in the phosphate buffer containing M/100 pyrophos¬ 
phate. Similar measurements were made with Kahlbaum’s cysteine (nach 
Prof. Warburg) to compare the degree of purity of the two samples. The 
results in Table I show that the cysteine prepared by recrystallisation con¬ 
tained less metal than the Kahlbaum preparation. The addition of pyro¬ 
phosphate increased the oxygen uptake in both cases very slightly. This increase 
was not due entirely to any possible metals in the pyrophosphate but to a 
large extent to the accelerating action of the pyrophosphate on the slight 

1 I am indebted to Dr M. Dixon for suggesting this method of purification. 
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amount of copper in the solutions used. When larger amounts of pyrophos¬ 
phate were used, the oxygen uptake was no higher. One of the manometers 
in each series was generally used for a blank run and the oxygen uptake due 
to cysteine alone was always deducted in calculations involving an absolute 
amount of copper, but not in the results where only relative values were 
required. Whenever a relatively large oxygen uptake was observed in the 
blank, the contaminated solution was replaced by a new one. It is very 
difficult to prevent contamination when dealing with such minute quantities, 
therefore the solutions used for each series were never pipetted from the 
stock solution but from aliquots. 

Table I. Oxygen consumption by pure cysteine . 

mm. 3 oxygen absorbed per hour 

Cysteine M/15 buffer Buffer plus M/l 00 JNft 4 P 8 0 7 

No. 1 1-2 5*0 

Kahlbaum 5*4 12*5 

Effect of pyrophosphate. 

Results demonstrating the accelerating action of pyrophosphate on a heart 
muscle preparation of oxidase are given in Fig. 1. The concentrated heart 
muscle suspension was prepared by Dr Keilin according to his usual pro¬ 
cedure [Keilin, 1929]. 10 cc. of this strong suspension was diluted to 50 cc. 
with Mj 15 phosphate buffer p R 7*0 and 1*5 cc. of the diluted mixture used in 
the Barcroft flask, or an amount equivalent to 0*3 cc. of the strong mixture. 



Fig. 1. Effect of pyrophosphate on the activity 
of copper in muscle tissue. 8 mg. cysteine 
in 3 cc. phosphate buffer p n 7*6. A, pyro¬ 
phosphate alone. B, muscle alone. C, 
muscle + pyrophosphate. D, 2 x 10“ 4 mg. 
copper + pyrophosphate. 



Fig. 2. Effect of pyrophosphate on the activity 
of copper solutions. 8 mg. cysteine in 
3 cc. phosphate buffer 7*6. A, copper 
alone 4 x 10~ 4 mg. Cu. B, same amount 
of copper + pyrophosphate. 


Each' flask contained a final volume of 3 cc. of orthophosphate buffer together 
with the various additions. A, contained the buffer plus M/100 pyrophos¬ 
phate; B, the buffer plus muscle alone; C, the buffer plus muscle and pyro¬ 
phosphate; D, the buffer plus 2 x 10~ 4 mg. Cu with pyrophosphate. The rate 
of oxidation with the same amount of muscle is twice as rapid in the presence 
of pyrophosphate as in the buffer solution alone. The rate obtained with 
0-3 cc. strong muscle suspension with pyrophosphate is about the same as 
that with 2 x 10-* mg. Cu under the same conditions. Therefore, 0-3 ec. 
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contains about 2 x 1()~ 4 mg. Cu. A determination of Cu in 75 cc. of the 
muscle suspension by the method of Elvehjem and Lindow [1929] gave a 
copper content of 0-0006 mg. Cu per 0*3 cc. Only about one-third of the 
copper present is therefore available for catalytic action. This is not sur¬ 
prising because undoubtedly a large proportion of the copper present comes 
from the sand used during the preparation (the muscle pulp contains con¬ 
siderably more copper than that attributed to the heart muscle itself), and 
all the copper is made soluble only by ignition and extraction with strong 
HC1. Several other determinations gave results of similar order. 

Pyrophosphate has the same accelerating action whether the source of 
copper is muscle tissue suspension or soluble copper sulphate. In the presence 
of 4 x 10~ 4 mg. Cu the rate of oxidation is almost three times as rapid when 
pyrophosphate is added as when the phosphate buffer is used alone. Curves 
demonstrating the differences in the rate of oxidation are given in Fig. 2. 



Fig. 3. Action of H 2 S in presence and absence 
of pyrophosphate. 8 rag. cysteine and 
4 x 10“ 4 mg. copper in 3 cc. phosphate 
buffer p H 7-6. A, copper alone. B, copper 
4 - H 2 S. 0, copper, H 2 S and pyrophosphate. 
D, copper and pyrophosphate. 



Fig. 4. Effect of phosphate buffer concen¬ 
tration on the activity of copper. 8 rag. 
cysteine and 4 x 10“ 4 mg. copper in 3 cc. 
phosphate buffer. A, Mj 15 buffer. 
B, il//20 . C, Mj 30. D, M/ 60. 


This difference in activity is more readily explained by the inhibitory 
effect of the phosphate buffer than by the accelerating action of the pyro¬ 
phosphate. The actual inhibitory effect of M/15 orthophosphate buffer p u 7-6 
was noticed when the influence of H 2 S on the catalysis was studied. The addi¬ 
tion of sulphide decreased the activity of the copper in the presence of pyro¬ 
phosphate, but a decided increase was observed in the case of the buffer 
solution alone. The oxygen uptake of the different solutions is given in Fig. 3. 
The inhibitory action of sulphides agrees with the earlier results obtained 
with ILjS and is probably due to the formation of copper sulphide, but the 
accelerating effect must be explained in another way. Since the H 2 S was 
added as an aqueous solution of Na 2 S (0*3 cc. M/100 Na 2 S per 3 cc.), the 
increased action is probably due to the dilution of the buffer solution. The 
copper becomes more soluble or more available in the more dilute solution. 
Fig. 4 shows that dilution actually hastens the rate of oxygen consumption. 
Decided increases in the rate are noted as the buffer is diluted from M/15 
to M/20 and M/30, but further dilution causes very little change in the 
reaction. 
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Effect of hydrogen ion concentration. 

These facts suggest that the solubility of the copper in the buffer solution 
is the limiting factor. If a weak solution of copper sulphate is added to the 
phosphate buffer at p H 7*6 a precipitate of copper phosphate is formed imme¬ 
diately, but if the same amount of copper is added to a pyrophosphate solution 
at the same p R no precipitate is formed. Variations in the p n undoubtedly 
change the solubility of the copper and thus should bring about certain 
differences in the rate of oxygen consumption. Results of the measurements 
made at different H ion concentrations for Mj 15 and M/30 phosphate, and 
for Mj 15 phosphate plus pyrophosphate are given in Fig. 5. In the case of 
M/15 phosphate variations in the p R have no significant effect on the oxidation 
rate, because at this concentration the added copper is changed to insoluble 
copper phosphate at all degrees of acidity. However, when the lower con¬ 
centration of phosphate was used a maximum activity was noted at p u 7*6. 



Fig. 5. The effect of pjj on the activity of copper in different buffer solutions. Oxygen uptake 
at the end of 30 minutes. 8 mg. cysteine and 4 x 10~ 4 mg. copper. A, M/15 phosphate buffer. 
B, M/30 phosphate buffer. C, M/15 phosphate buffer + pyrophosphate. 



Fig. 6. The solubility of copper in different buffer solutions. 25 cc. buffer solution with 0-1 mg. 
copper. A, M /15 phosphate buffer. B, borate buffer. C, M/30 phosphate buffer. D, M/15 
phosphate buffer -f pyrophosphate. 

The copper is most soluble at this H ion concentration and decreases in 
solubility as the solution becomes more alkaline. The presence of pyrophos¬ 
phate gives some increase in activity over M/30 buffer at p n 7-6, but a 
maximum is obtained at p R 8*0 with a decrease as the p B is further increased. 
Since copper pyrophosphate is soluble in more alkaline solutions than copper 
phosphate, it is possible for the maximum activity to occur at a higher 
p B . Borate buffer solutions were used for p u values above 8-Q. The oxygen 
uptake with pyrophosphate in phosphate buffer and in borate buffer at p B 8*0 
was measured under the same conditions. Identical results were obtained 
showing that the type of buffer in which the pyrophosphate acts has no 
influence on the rate of reaction. 
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In order to demonstrate that the suggested changes in solubility occur, 
the solubility of a definite amount of copper at the various H ion concen¬ 
trations was determined. 0*1 mg. of Cu was added to 25 cc. of the buffer 
solution adjusted to the proper p ^, allowed to stand 2 hours, filtered, and 
the amount of copper remaining in the filtrate determined. 3 cc. of Mj 10 
Na 4 P 2 0 7 were added to the solution containing the pyrophosphate. The 
percentage of soluble copper is plotted against p 1L in Fig. 6. 

Although it is difficult to compare the solubility curves with those obtained 
by oxygen consumption, because the former were measured when 0-1 mg. Cu 
was used with 25 cc. of buffer, and the latter when 0*0004 mg. was used with 
3 cc. of buffer, it is readily seen that the curves are similar for the phosphate 
buffer on the alkaline side of p n 7*6 and for the pyrophosphate buffer on the 
alkaline side of p n 8*0. The retarding action of increased alkalinity in either 
of the buffers is due to the formation of insoluble copper salts. The slope 
of the oxygen uptake curves on the acid side of p H 7*6 and 8*0 cannot be 
explained by the solubility of the copper in relation to the buffer, because the 
solubility increases with the increased acidity in all cases. 



Minutes 


Fig. 7, Comparison of copper activity with 
and without, buffer. 8 mg. cysteine and 
2 x 10 ~ 4 mg. copper. A, cysteine in buffer 
6 -8. B, cysteine alone p u 6-8. C\ cys¬ 
teine in buffer p H 7-6. I), cysteine alone 
i'u 



Fig. 8. Effect, of copper concentration on the 
rate of oxidat ion. 8 mg. cysteine in M 15 
phosphate buffer ;> H 8*0 with M 100 
pyrophosphate. A, 0-5 x 1()" 4 mg. Cu. 
B, 1 x 10 -4 mg. Cu. C, 2 x l(r * mg. Cu. 


Because the solubility determinations were made on the buffer solutions 
alone without the addition of cysteine, the decreasing activity with increased 
acidity may be attributed to the action of cysteine. The cysteine is un¬ 
doubtedly the active factor because the slopes of the curves are identical 
irrespective of the buffer used. The same oxygen consumption is obtained 
whether the oxidation is carried out in buffer solution, or in water solution 
where the cysteine itself is used as the buffer. The results of these experiments 
are given in Fig. 7. If a line be drawn in Fig. 6 between p H 6*8 and 8*0 which 
has the same slope as the curve for oxygen uptake in Fig. 5, it will intersect 
the solubility curves at p n 7*2 for Jkf/15 phosphate, at p }1 7*6 for ifcf/30 phos¬ 
phate, and at jo H 8*0 for pyrophosphate. The optimum oxygen uptake for the 
different solutions is actually observed at these p n . 

The retarding effect of cysteine in more acid solutions cannot be explained 
by the insolubility of a copper-cysteine complex, for, although copper forms 
Bioohem. 1930 xxiv 
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a precipitate with cysteine at p n 6*0 and below, no precipitate is formed 
between p H 6*0 and 8*0 even though 1 to 2 mg. Cu are added to 10 mg. 
cysteine. However, an inactive copper-cysteine complex may be more readily 
formed in acid solutions than in neutral or alkaline solutions. Further 
reference to this complex will be made when the results obtained at 37° are 
presented. 

Since the rate of oxidation of cysteine is greatest with pyrophosphate in 
buffer solution at p n 8*0, the buffer and the cysteine are exerting the least 
retarding effect, and, therefore, this H ion concentration should give the 
proper conditions for the quantitative determination of copper. The curves 
in Fig. 8 show that the rate of oxidation of 8 mg. cysteine in 3 cc. Mj 15 
phosphate or borate buffer at p B 8*0 and containing A//100 pyrophosphate is 
directly proportional to the copper present for amounts below 4x 10~ 4 mg. Cu. 
This procedure is quite similar to that used by Warburg [1927] for the deter¬ 
mination of copper except that a low concentration of pyrophosphate in a 
rather dilute buffer is used in place of a strong pyrophosphate buffer alone. 
This method allows the use of more dilute buffer solutions because the ortho¬ 
phosphate forms a more efficient buffer than pyrophosphate. 


Interfering action of iron. 

The above results were obtained when copper was the only heavy metal 
present, but the interfering effect of other metals must also be considered. 
Addition of iron in amounts equivalent to the copper, or to 2 to 3 times the 
amount of copper, does not affect the oxygen uptake materially as is shown 
in Table II. The iron was added as ferric chloride which was prepared free 
from traces of copper. The failure of small amounts of iron to interfere is, of 
course, in agreement with Warburg s findings. However, if larger amounts 
of iron (0*02 mg., approximately equivalent to the amount present in 0*5 cc. 
whole blood) are used, a very large inhibition is observed. The amount of 
inhibition decreases as the amount of pyrophosphate used is increased but 
the normal rate is not reached even if M/5 pyrophosphate, suggested by 


Table II. Effect of iron on the catalytic action of copper in the presence 

of pyrophosphate. 


Phosphate 

buffer 

M/15 p B 8-0 


>» Vn ^*6 

M/U p B 7*8 
„ px 7*6 

** fi 


Conditions of cysteine oxidation 


mm. 3 oxygen per 
i hour 


Pyro- 

Copper 

Iron 

Temp. 

' 

1 ^ 

Copper 

phosphate 

mg. x 10~ 4 

mg. x 10~ 4 

c C. 

Copper 

-f iron 

M/100 

4 

4 

20 

142*0 

136*0 


2 

400 


86*7 

23*0 

M/SO 

1 

y? 

99 

50*7 

30*1 

M/100 

1 

yy 

$9 

35*4 

16*0 

M/5 8*0 

1 

200 


58*3 

48*0 

ilf/10 

1 


99 

46*7 

34*8 

if/10 

1 


37 

63*3 

54*3 

if/8 

1 

»» 

ii 

72*9 

70*8 


Recovery 

% 

96*0 

26*0 

69*0 

46*0 

83*0 

76*0 

86*0 

97*0 
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Warburg, is added. Warburg’s figures show the same effect; when he added 
0*02 mg. Fe together with 2 x 10" 4 mg. Cu to M/5 pyrophosphate at p n 7*6 
only an 80 % recovery was obtained. 

Figures given in Table II show' that a complete recovery of copper is never 
obtained, although the procedure is modified as to p H , concentration of pyro¬ 
phosphate, etc., w r hen the reaction is carried out at 20°. When the oxidation 
takes place at 37° with rather high concentrations of pyrophosphate, the rate 
in the presence of relatively large amounts of iron is practically identical with 
that obtained with copper alone. The retarding effect of iron in the presence 
of pyrophosphate is most probably due to the formation of insoluble ferric 
pyrophosphate which inactivates some of the copper. There are two reasons 
for this view\ Firstly, it is knowrn that iron pyrophosphate is soluble in 
alkaline solutions only in the presence of excess pyrophosphate, and the 
addition of more pyrophosphate increases the recovery of copper; secondly, 
ferric pyrophosphate is more soluble at 37° than at 20° and the recovery of 
copper is better at 37°. The latter fact can be demonstrated by taking two 
solutions of pyrophosphate at p n 7*6 and adding a few drops of dilute iron 
solution to one at 37° and the other at 20°, the precipitate formed, upon the 
addition of iron, disappears most rapidly in the first solution. 

The complete recovery of copper in the presence of iron at 37° is further 
demonstrated when the copper content of a solution from the ash of liver 
is determined by this method and by the method of Elvehjcm and Lindow 
[1929]. 140 mg. Cu w r as found by the first method and 125 mg. Chi by the 
latter. These results agree exceedingly w'ell when one considers that the copper 
content of the sample analysed was of the order of 1 10~ 4 mg. in one case 

and 0*1 mg. in the other. They further show that there are no other elements 
in the ash of liver which accelerate the oxidation of the cysteine in the presence 
of pyrophosphate. 


Effect of temperature . 

It is interesting to note that the optimum p u at the higher temperature 
(37°) is no longer at 8-0 but nearer 7*0. This is not merely a temperature 
effect, because in a number of carefully controlled experiments the oxygen 
consumed per 30 minutes in the presence of 1 \ 10~ 4 mg. Cu at p H 7*0 
w r as found to be 32-36 mm. 3 at 20° and 50 -54 at 37°. but 80-85 for p u 7*0 
at the latter temperature. The relation of p n to the oxygen uptake at 37° in 
the presence of pyrophosphate is showui in Fig. 9. An optimum is observed 
at p n 7*0 with a rapid falling off as p u 6*6 is reached. The pyrophosphate 
curve for 20° is replotted in this figure to show r the relationship of the tw'o. 

The fact that the inhibiting action of cysteine is decreased in acid solution 
at 37° allows one to make several other observations on the activity of copper. 
Firstly, curve C in Fig. 9 show's that even in the less alkaline solution pyro¬ 
phosphate is still needed for the optimum activity of the copper. The uptake, 
however, is higher with phosphate alone at 37° than at 20° and the p H curve 
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is similar to the solubility curve, which further proves that the retarding 
effect of the more acid solution is due to the inactive copper-cysteine complex 
formed. 

Greater activity of the copper is not obtained by carrying out the reaction 
in water, with cysteine instead of phosphate as a buffer. Undoubtedly in the 
absence of phosphate the copper is precipitated as hydroxide instead of copper 
phosphate, because it can be shown that a precipitate is formed when a dilute 
solution of copper sulphate is brought to p u 7-0. Fig. 10 gives the results 
obtained when the oxygen consumption was measured in a watery solution, 
phosphate solution, or a phosphate plus pyrophosphate solution. The activity 
without the pyrophosphate is similar whether in watery or phosphate solution, 
but considerably lower than when pyrophosphate is added. Results of the 
same order were obtained when heart muscle preparation was used as the 
source of copper. 



Fig. 9. The effect of p u on the activity of copper at 37°. Oxygen uptake at the end of 
30 minutes with 8 mg. cysteine and 4 >. 10 ' 4 mg. copper. A, with pyrophosphate. B, same 
conditions at 20°. C, without pyrophosphate. 



Fig. 10. The influence of buffer on the activity 
of copper at 37°. 8 mg. cysteine and 
1 x I(H mg. copper at p, T 7-0. A, without 
buffer. B, phosphate buffer. C, buffer + 
pyrophosphate. 



Fig. 11. The effects of H^S on the activity of 
copper. 8 mg. cysteine and 1 x 10~ 4 mg. 
copper in M/15 phosphate 7-0 with 
pyrophosphate. A, copper + M/1000 H 2 S. 
B, copper alone. 


Secondly, by working at the higher temperature a high rate of oxygen 
uptake is obtained over a relatively wide p B range, which allows a study of 
the effect of p xl on inhibition by H 2 S. A typical result obtained by the addi¬ 
tion of H 2 S at p H 7-0 is given in Fig. 11. The percentage inhibition at this 
Ph is 60, but the amount decreases at higher p n values and 40 to 50 % is 
obtained at p^ 7-6. At p n 8-0 very little inhibition is observed and in some 
cases an actual increase results by the addition of H a S, possibly due to the 
oxidation, of the sulphide. 
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Krebs [1929] found that copper as well as other heavy metals catalyses 
the oxidation of sulphides. It is difficult, however, to compare his results 
with these experiments because he worked with very high concentrations of 
sulphide (0-5 M) and used the sulphide without buffer. The solution was 
undoubtedly quite alkaline, because when similar reactions were carried out 
in N HC1 the rate of oxidation was very slow. 

Further observations on the activity of copper, which need merely be 
recorded without including the complete experimental results because they 
only confirm previous work, are the following. The activity is entirely un¬ 
affected by the presence of carbon monoxide but is inhibited to at least 95 % 
of the total by M/1000 KCN. M/100 sodium pyrophosphate is the optimum 
concentration for the activity of copper in absence of iron, but M/5 may be 
used without any interference. However, when the concentration is decreased 
to M/1000 a definite falling off in the activity is observed and considerably 
less than 50 % of the total activity is obtained with M/3000 pyrophosphate. 

Discussion. 

Although the work presented in this paper deals entirely with the quanti¬ 
tative study of the catalytic action of copper in the oxidation of cysteine, the 
results have undoubtedly a broader significance. It would be entirely erroneous 
to say that the facts observed in this particular system can be applied directly 
to the action of copper on other compounds, but the tremendous activity of 
this element in the oxidation of cysteine under optimum conditions may 
explain how the presence or absence of minute traces of it can bring about 
profound changes in plant and animal phenomena. 

The optimum conditions observed in the case of cysteine may be totally 
different from those for the optimum oxidation of other compounds, even 
such as thioglycollic acid and glutathione which closely resemble cysteine. 
Independent studies need to be made for each of the materials activated by 
copper. 

All the factors shown to be necessary for the optimum activity of copper 
are ordinarily present in most plants and animals. Copper is universally 
distributed in small amounts in all plants and animals thus far analysed 
[Lindow, Elvehjem, and Peterson, 1929]. The optimum p n at 37° is between 
7*0 and 7*6 which is the hydrogen ion concentration associated with a large 
portion of living matter. Copper is more active in the presence of pyrophos¬ 
phate and Lohmann [1928] has found pyrophosphate in the muscle of certain 
animals and in yeast, while Eggleton and Eggleton [1929] have reported its 
presence in blood. 

Summary. 

1. The oxygen uptake of a system of cysteine and heart muscle prepara¬ 
tion in orthophosphate buffer p B 7*6 is increased two or threefold by the 
addition of pyrophosphate. 
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2. The same acceleration is obtained when the muscle preparation is re¬ 
placed by a minute amount of copper salts. The increased rate of oxidation 
in the presence of pyrophosphate is due to the formation of copper pyro¬ 
phosphate, which is more soluble at p H 7-0 than copper phosphate and there¬ 
fore more catalytically active. 

3. Curves are presented to show the rate of cysteine oxidation by copper 
in phosphate buffers of different concentrations, and in a phosphate buffer plus 
pyrophosphate at varying hydrogen ion concentrations. 

4. A study of the solubility of copper in different buffer solutions shows 
the decreased activity with increased p H to be due to the formation of in¬ 
soluble copper phosphates. The decrease of activity, as the p n becomes more 
acid, can only be explained by the formation of a soluble inactive copper- 
cysteine complex. 

5. The optimum activity of copper in phosphate buffers containing pyro¬ 
phosphate occurs at p }J 8*0 at 20°. At this hydrogen ion concentration the rate 
of oxidation is directly proportional to the copper present, providing the 
copper is not in excess of 4 * 10~ 4 mg. Cu, and thus provides a method for 
the quantitative estimation of minute amounts of copper. 

6. Relatively large amounts of iron inhibit the activity of copper in the 
presence of pyrophosphate. This retarding effect can be eliminated by using 
larger concentrations of pyrophosphate and by carrying out the reaction at 
37°. At 37° the optimum activity is observed at p H 7*0, and this is un¬ 
doubtedly due to the fact that the copper-cysteine complex is less readily 
formed at the higher temperature. 

7. The inhibiting action of cysteine at p n 7-0 disappears at 37°, but the 
copper is sufficiently insoluble in buffer or watery solutions even at this p u 
to prevent its complete activity in the absence of pyrophosphate. 

8. Af/1000 H 2 S inhibits the activity of copper in phosphate buffers con¬ 
taining pyrophosphate to the extent of GO to 70 % at p u 7-0, but the degree 
of inhibition is much less at higher p u values. 


I wish to thank Sir F. G. Hopkins and Dr D. Keilin for their interest 
and advice. 
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Fumarase is the name given by Batelli and Stern [1911] to the enzyme in 
animal tissues capable of converting fumaric acid into malic acid, it was 
shown bv Einbeek [1919] that the reaction reached equilibrium when three- 
quarters of the fumaric acid had been changed, and by Dakin [1922] that the 
malic acid so formed was entirely in the laevo-form. Clutterbuck [1927, 1928] 
followed polarimetrically the production of /-malic acid from fumaric acid 
under the influence of the muscle and liver enzyme, and found that the 
reaction followed a linear course until the equilibrium state was almost 
reached. He also showed that the velocity of the action was influenced by 
salts, phosphates at p n 7*2 producing a marked activation, and chlorides, 
bromides, fluorides and nitrates an inhibition. 

Quastel and Whetham [1924] reported that fumarase was present in very 
small amount in B. coli communis. It was shown by Woolf [1929] that the 
fumarase activity, in the experiments of these workers, was masked by a side 
reaction, which could be inhibited by 2 or 4 % propyl alcohol; in presence of 
this inhibitor B. coli communis displayed great fumarase activity. Woolf 
reported that with the bacterial enzyme reaction curves were obtained similar 
to those given by Clutterbuck for the animal preparations, the velocity of 
conversion of fumaric acid remaining constant for the greater part of the 
reaction. He also showed that phosphates had an accelerating effect on the 
enzyme at p H 7-4. 

Although there are many known cases of enzyme activity being accelerated 
or retarded by salts, there are hardly any enzymes for which such effects 
have been studied in detail. Such an investigation has been carried out by 
Myrback [1926] on salivary amylase. As is well known, sodium chloride has 
a marked accelerating action on this enzyme. Myrback studied the effect of 
this salt, as well as the action of bromides, iodides, nitrates and chlorates, 
all of which activate the enzyme. He showed that at any given p n increasing 
concentrations of the salt gave first of all an increasing activation, until a 
maximum effect was obtained which did not change with increase of salt. 
The curve relating salt concentration to increase in enzyme velocity seemed 
to be a rectangular hyperbola, or “Michaelis curve,” suggesting that the salt. 
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or one of its ions, combined with the enzyme, the amylase-salt complex being 
more active than the free amylase. The presence of the salt did not markedly 
change the affinity of the enzyme for its substrate, so that the salt combined 
with the enzyme at some group other than that concerned in binding the 
substrate. On studying the effect of p B on the activity of the free enzyme 
and of the various enzyme-salt compounds, he found that the latter were 
active over a wider p u range than the salt-free preparation. The p H -activity 
curves were related together like the dissociation-residue curves of an ampho¬ 
lyte, in which the p K of the H* and the OH' ions was shifted to various 
extents by the added salts. He concluded that the enzyme was an ampholyte, 
wdiich was catalytically active only in its undissociated or isoelectric form. 
Combination with a salt altered the degree of dissociation of the enzyme, 
and hence the proportion of the enzyme in the active form at any given j> H . 

It seemed desirable to.study the effects of salts on fumarase, and the 
present paper gives the results of the first part of this investigation. The salts 
used were the phosphate, citrate and sulphate of sodium. The sodium was 
always present in large concentration, being used to neutralise the substrate 
as well as the added acid, and its influence (if any) on the reaction velocity 
may be taken as constant in all the experiments described. The effects observed 
can therefore be attributed to the added anions. The phenomena fit in exactly 
with the idea that the enzyme is an ampholyte acting only in the isoelectric 
form, and that it combines with anions, the fumarase-anion complex being 
ail ampholyte with different p K values, as suggested by Myrback for salivary 
amylase. 


Experimental. 

The enzyme preparation used throughout this work was a suspension of 
B. coli communis . The organism was grown on the surface of tryptic broth 
agar in Petri dishes for 2 days. The growth was taken up in distilled water 
and thoroughly washed by centrifuging several times. It was then again 
suspended in water, aerated for a few hours and shaken mechanically to 
ensure an even suspension. This stock preparation of the “resting” organism 
was stored in the refrigerator. It was generally used within a fortnight of 
preparation, though it retained its activity unimpaired for several weeks at 
least. Immediately before use the organism w r as again washed several times 
with distilled water to remove any trace of salts produced by autolysis, then 
made up to a suitable strength with distilled water and shaken in the machine. 
In this way an enzyme preparation could be obtained free from all salts or other 
soluble materials. The actual experiments rarely lasted more than 18 hours, 
and during this period there was no significant enzyme destruction or bacterial 
disintegration, since the reaction velocity remained constant even for a much 
longer period, and the enzyme remained associated with the cells, the super¬ 
natant ffiiid after centrifuging being entirely inactive. The effects observed, 
therefore, may be regarded as given by the enzyme in vivo . 
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The long initial linear portion of the curve, when the equilibrium is 
approached from the fumaric acid side, made it possible to take the initial 
velocity as proportional to the malic acid produced in a given time, even 
when the reaction had progressed a considerable distance. It was thus possible 
to obtain large polarimetric readings, and thereby to obtain a very accurate 
measurement of the reaction velocity. We have always obtained this initial 
linearity in the experiments reported below. The enzyme was therefore 
always working at full saturation with its substrate, so that the effects 
could not be due to a change in the affinity of the fumarase for fumaric 
acid. 

For each experiment a series of reaction mixtures was made up, in which 
one factor was continuously varied. These series were of two kinds—those 
in which the effect of an increasing concentration of a salt was studied at a 
constant p H , and those in which the salt concentration was kept constant, 
but the p H was varied. In all cases the initial concentration of fumaric acid 
was Mj 10, the inhibitor being 4 % propyl alcohol. The reaction mixtures 
were placed in stoppered flasks and incubated at 37°. At suitable intervals 
10 cc. samples were taken for the polarimetric estimation of malic acid as 
the molybdate compound by the method of Auerbach and Kruger [1923]. 
The procedure described by Woolf [1929] was followed, save that, as 10 cc. 
samples were taken, the addition of 5 cc. of water was not required. Also, 
since /-malic acid was the only optically active compound present, there was 
no need to take the control reading in trichloroacetic acid. 

For a series at a constant p n , the various constituents were made up to 
suitable concentrations separately, and brought to the required p R with NaOH. 
The p H of the bacterial suspension was also adjusted. The required quantities 
were then mixed and made up to volume with distilled water, and the 
p R of the mixture was checked. For a series with varying p u , two solu¬ 
tions were made up, one more acid and the other more alkaline than the 
extremes of the p R range being investigated. Thus, when it was desired to 
study the p H -activity curve of the enzyme in presence of Mj 5 phosphate 
between p R 4*5 and 9*5, two solutions were made up, each Mj 4 in phosphate 
and M/8 in fumarate, but one acid to p R 4*5 and the other alkaline to p R 9-5. 
The solutions were mixed in various proportions to give the required inter¬ 
mediate p R values. 20 cc. of each mixture was taken, and to it were added 
1 cc. of propyl alcohol, 2 cc. of bacterial suspension, and 2 cc. of distilled 
water, making the final volume 25 cc. and the concentrations of phosphate 
and fumarate M/5 and Mj 10 respectively. The p R of the final reaction mixture 
was then accurately measured initially and at the time of taking each sample. 
When the p R was below 8, it was measured electrometrically by the quin- 
hydrone method. Unfortunately the hydrogen electrode is useless in solutions 
of fumaric acid, so that the more alkaline p R values had to be estimated by 
means of indicators. Since many of the reaction mixtures were necessarily 
unbuffered, the p# often changed appreciably during the course of the 
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incubation, and the average of the final and initial readings was assumed to 
be the p H during the experiment. But when the difference between the initial 
and final p u exceeded 0-1, the experiment was rejected, except in the alkaline 
citrate mixtures, as noted below. 


Results. 

The effect of p H on the activity of the enzyme in the absence of added 
salts is shown by the full line in Fig. 1. The various p u values were obtained 
by neutralising the Mj 10 fumaric acid to different extents with NaOH. It 
is of course impossible to determine the activity of the enzyme in a com¬ 
pletely salt-free medium, since the substrate, is itself a salt. It will be seen 
that a symmetrical curve is obtained, covering the range between p n 5 and 7-7, 
with an optimum at about 6-4. 



Between Pn 6 and 8-8, the addition of phosphates increases the reaction 
velocity. At any given p n in this range, as the phosphate concentration is 
increased the activation is also increased, until a maximum effect is obtained 
which is the same for all higher phosphate concentrations. The results of a 
series at p n 7-4 are shown in Fig. 2. It will be seen that the curve is approxi¬ 
mately a rectangular hyperbola, suggesting that the salt combines with the 
enzyme, to give a more active enzyme-phosphate complex. The apparent 
Michaelis constant of the phosphate (i.e. the concentration at which half the 
maximum effect is obtained) at this p n is about 0-0076 M, and the affinity 
(the reciprocal of the Michaelis constant) about 132. In order to relate the 
various curves to one another, the maximum velocity in presence of phosphate 
at p H 7-4 for each enzyme preparation was taken as 100. In each series of 
reaction mixtures, a control was included containing the same amount of 
bacterial suspension in presence of Mj 10 fumaric acid and M/5 phosphate at 
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Pu 7*4, and the velocities in all the other reaction mixtures were expressed 
as percentages of the velocity in this control. In this way the results of all 
the series were made quantitatively comparable. 

That an ion of the phosphate combines with the enzyme is made to appear 
more likely by the results at other p H values. At 6*6 the phosphate-free enzyme 
itself has a considerable activity, the velocity being slightly under 50. The 
maximum activity induced by phosphate is about 100. The effect of varying 
phosphate concentration at this p n is shown in Fig. 3. The curve is of the 
same type as that obtained at p u 7*4, but the Miehaelis constant is now 



Molar concentration of phosphate 
Fig. 2. Effect of phosphate at p n 7-4. 



Fig. 3. Effect of phosphate at p u h-6. 



Fig. 4. 

0*026 M and the affinity only about 38. Similar curves were obtained at 
p n 7*0 and 8*0. The maximum velocity at p n 7 is about 125 and at 8 about 45. 
The four curves are shown in Fig. 4 reduced to the same scale, the relative 
increase in velocity being plotted against phosphate concentration. The figure 
brings out clearly the regular rise of the affinity with p n . In Fig. 5 is shown 
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the affinity plotted against p H . The curve shown is the dissociation curve for 
the reaction H 2 P0 4 ' HPO/ 4- H\ on to which the affinity at 7*0 has 
been fitted. It will be seen that the other three points fall very well on the 
curve. The affinity at any p H thus seems to be proportional to the concen¬ 
tration of HP0 4 " ions in the solution, making it seem extremely probable 
that the activating effect is due to an actual combination of the enzyme with 
this ion. 



Molar concentration of citrate 
Fig. 0. Effect of citrate at p u 7-4. 


When the phosphate concentration is sufficient to give the maximum 
activation at any p u , the enzyme may be regarded as saturated or completely 
combined with the phosphate ion. A phosphate concentration of Mj 5 is 
sufficient to effect this over the whole of the significant p n range. A jb^- 
activity curve was therefore obtained in presence of M/5 phosphate, and is 
shown in Fig. 1. It will be seen that it is a symmetrical curve, which coincides 
with the “salt-free” curve between p H 5 and 6, but then rises above it to an 
optimum at about jt> H 6*9, after which it falls, roughly parallel to the alkaline 
limb of the “salt-free” curve to reach the horizontal axis at about p H 8*8. 

Citrate behaves similarly to phosphate, but gives a greater activation* 
Fig. 6 shows the effect of varying concentrations of citrate on the reaction 
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velocity at p B 7*4. It will be seen that the maximum velocity at this p n is 
about 135, as against 100 for phosphate. The effect of p B on the citrate 
affinity is the opposite of that on the phosphate, the affinity rising as the p B 
is decreased. The results so far obtained suggest that it is the doubly ionised 
citrate which is effective, but this is not yet fully worked out. ilf/5 citrate 
gives maximum activation at all p B values, and a p H -activity curve in 
presence of this concentration is shown in Fig. 1. The curve is similar to that 
obtained with phosphate, but lies a little outside it over the alkaline range, 
the fumarase-citrate optimum being at about p B 7*1. Since neither fumarates 
nor citrates are buffers over the alkaline range of this curve, the p B of the 
reaction mixtures often changed greatly. Consequently a wider latitude than 
0*1 Pn had 1° l )e allowed for this part of the curve, and the individual points 
are therefore rather scattered, although the curve as given is probably not 
far from correct. 

Sulphates have a retarding effect over the alkaline part of the “salt-free” 
curve. M/5 sulphate gives the maximum effect, and the fumarase-sulphate 
p ir activity curve is also shown in Fig. 1, the optimum being at about p B 6-2. 

The four p H curves shown in Fig. 1 are related to one another like the 
dissociation residue curves of an ampholyte, whose acid p K remains constant 
but whose alkaline p K is shifted to different extents by the combination of 
the various anions. The results are completely explained by the hypothesis 
that the enzyme is an ampholyte which is active only in its isoelectric form. 
The enzyme can combine with various bivalent anions, the enzyme-anion 
complex having an altered dissociation constant for the H* ion. Phosphates 
and citrates repress the ionisation, thus increasing the proportion of the 
enzyme molecules in the active form at any p B in a given range, without 
affecting the rate at which an active enzyme molecule catalyses the hydration 
of the substrate. Sulphates encourage the ionisation, thus decreasing the 
number of active enzyme units, and so retarding the reaction velocity. Thus 
the effects of salts on fumarase are precisely similar to those found by Myrback 
for salivary amylase. 

Preliminary experiments have been made with several other salts, and 
also on the combined effects of two or more salts. The power of affecting the 
velocity of fumarase action seems to be possessed by very many salts, and it 
is proposed to report the results of further studies in another communication. 

Summary. 

1. “Resting” B. coli communis , washed free of all salts and suspended 
in distilled water, in presence of 2 or 4 % propyl alcohol will convert fumaric 
acid into its equilibrium mixture with Z-malic acid at a linear rate for the 
greater part of the reaction. In the absence of added salts, the range of 
activity is between p B 5 and 7-7, the p H -activity curve being symmetrical, 
with an optimum at about 6*4. 
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2. Phosphates accelerate between p B 6 and 8*8. If at any given p B the 
increase in velocity is plotted against phosphate concentration, a rectangular 
hyperbola (“Michaelis curve”) is obtained, suggesting that the phosphate 
combines with the enzyme non-competitively with the substrate. The 
“affinity” of the enzyme for phosphate at any given p B is proportional to 
the HPQ 4 " ion concentration. In presence of 0*2 M phosphate, which gives 
the maximum effect at every p B , a symmetrical -activity curve is ob¬ 
tained, with an optimum at 6*9. 

3. Citrates behave similarly, giving a greater activation at every p u , and 
an optimum at 7vl. 

4. Sulphates depress the activity, giving an optimum at p B 6*2. 

5. The four p B curves are related to one another like the dissociation 
residue curves of an ampholyte, in which the p K of the OH' ion is constant, 
but the p K of the H‘ ion is shifted to different extents by the added anions. 
It seems, therefore, that the enzyme is only active when in the isoelectric 
state, the salt effect being due to an alteration in the proportion of the enzyme 
molecules in this active state at any given p B . 

It is a pleasure to express our thanks to Sir F. G. Hopkins and Mr J. B. S. 
Haldane for their interest and encouragement during the course of this work. 
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Introduction. 

The preparation of oestrus-producing concentrates from any source may he 
said to consist essentially of two main processes: (a) the extraction of the 
hormone together with fatty substances from the raw material and the 
removal of the bulk of the saponifiable fat from the extract, and (b) the 
purification of the resulting concentrate. 

In previous communications [Marxian, 1929, 1, 2] such methods have 
been described. The part of the process which may be said to fall under (a) 
was carried out bv purely empirical methods and it was emphasised that the 
yields could not be considered to approach the maximum possible. The 
subsequent processes were studied in a quantitative manner and it was shown 
that the extracts could be considerably purified in several ways with no 
detectable loss of potency. 

In this work the initial stages of the process have been modified in view 
of the now generally accepted belief that oestrin is acidic in character [Funk, 
1929; Marrian, 1929, 2; Butenandt, 1929, 1, 2; Laqueur, Dingemanse and 
Kober, 1930], and of the author’s finding that the hormone can be apparently 
displaced from its alkali salts by carbon dioxide [Marrian, 1929, 2]. The aim 
throughout has been to obtain greater yields of active material from the urine 
of pregnancy, and to concentrate the extracts with the minimum loss to a 
stage from which the final isolation of the hormone could be attempted. 

For this purpose a series of small batches of urine have been extracted 
and purified separately; accurate assays of the potency being made on the 
initial extract and the product in each case. These concentrates were com¬ 
bined and an attempt was made to effect a further purification. This was 
successful in that highly active crystalline material appearing to be a single 
substance was isolated. 



436 


G. F. MARRIAN 


Since this work was commenced Butenandt [1929, 1, 2] and Laqueur, 
Dingemanse and Kober [1930] have reported the isolation of active crystalline 
materials from urine which, judging from the combustion results, appear to 
be identical. The latter workers, however, are doubtful if this substance is 
actually the pure hormone itself. In both cases the actual methods of isolation 
are not given in detail, and no mention is made of the yields obtained. 
According to these authors Doisy also described the preparation of an active 
crystalline substance at the Physiological Congress in Boston last summer. 
So far, however, no details of Doisy’s work have reached the author. Wieland, 
Straub and Dorfmuller [1929] have also reported the isolation of an active 
crystalline substance which, however, does not appear to approach purity. 

Experimental. 

Method of assay. A standard technique for assaying the activity of the 
various fractions was employed throughout the work. The fraction to be 
tested was dried, weighed and made up to a volume of 500 cc. in a mixture 
of equal parts of alcohol and chloroform. 0*5 cc. of this solution was with¬ 
drawn and diluted to 10 cc. with alcohol. A small volume of such a testing 
sample, usually 0*1 cc. to 1*0 cc. depending upon the amount of active material 
expected to be present, was withdrawn and evaporated to dryness in a 10 cc. 
volumetric flask. The residue was dissolved in 0*5 cc. alcohol and made up to 
10 cc. with water. This solution was then injected into seven ovarieeternised, 
mice in doses graded from 4 x 0*05 cc. to 4 x 0*5 cc., each dose being given 
in four injections at 12-hour intervals. From such preliminary tests an 
approximate idea could be formed of the activity of the fraction. 

With this information a fresh aqueous dilution of an aliquot portion of 
the testing sample was made and injected into a group of twenty mice in 
four doses of 01 cc., the activity being determined in the manner described 
in previous papers [Marrian and Parkes, 1929; Marrian, 1929, 1, 2]. 

Provided that not more than 70 % and not less than 15 % of the mice 
showed an oestrous response, the results were satisfactorily accurate. When 
the response did not fall within these limits, as was sometimes the case with 
such rough preliminary tests, it was thought desirable to repeat the tests. 

The use of a small amount of alcohol to obtain an “ aqueous solution ” 
has not been found to affect the accuracy of the results and no ill effects 
on the test-animals have been observed in consequence. In any case, this 
inetbod seems preferable to that adopted by Butenandt [1929, 2], in which 
the active material is injected in a solution of sesame oil. The repeated 
injection of oily solutions into mice almost invariably leads to severe 
subcutaneous granulations, which may result in the incomplete absorption 
of subsequent injections. 

C0llection and extraction of urine. The urine was collected each day in 
vessels containing a small quantity of toluene, acidified with concentrated 
HC1 in the proportion of 5 cc. to 1 litre, and extracted four times with ether. 
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The ethereal extracts were washed once with water, evaporated to dryness 
and stored in alcoholic solution at 0°. 

Saponification of the crude extract . When 50 litres of urine had been ex¬ 
tracted, the alcoholic solution of the crude ether-soluble material was evapo¬ 
rated to dryness and heated with 400 cc. of 5 % aqueous potassium hydroxide 
solution in a boiling water-bath for 30 minutes. Carbon dioxide was then 
passed into the mixture for 3 hours. After dilution with an equal volume of 
water, the mixture was extracted twelve times with successive portions of 
lOOcc. ether. The combined ethereal extracts were washed four times with 
50 cc. lots of 0*2 N HCl, twice with the same amounts of water and then 
evaporated to dryness. 

Extraction with cold acetone. In a previous paper [Marrian, 1929, 1] it 
was shown that the unsaponifiable matter of the urine of pregnancy con¬ 
tained small amounts of a Bubstance melting at about 233-234° which was 
believed to be a dihvdroxy-alcohol. 

Although the removal of this substance is probably unnecessary at this 
stage of the purification process, more of the substance was required for 
further examination. It was shown that this alcohol could be removed from 
the unsaponifiable matter by extraction with ice-cold acetone or ether, in 
either of which it is fairly insoluble. Since oestrin, according to recent work, 
has a low solubility in ether, the use of acetone seemed preferable for the 
purpose. 

The dry unsaponifiable matter was dissolved in 30 cc. of boiling acetone 
and left at 0° for 12 hours. The flask was then immersed in an ice-salt freezing 
mixture for 1 hour to complete the separation of the alcohol, and the mixture 
filtered through an ordinary filter. The flask and filter were washed with a 
further 10 cc. of cold acetone. The residue in the filter was then washed back 
into the original flask with a boiling mixture of chloroform and alcohol. This 
was evaporated to dryness and treated with 15 cc. of acetone in precisely 
the same manner to remove remaining traces of the hormone. The combined 
acetone extracts, on evaporation to dryness, yielded a reddish brown gum. 

Extraction with 50 0 j o alcohol. The acetone-soluble fraction was heated for 
5-10 minutes to boiling with 30 cc. of 50% alcohol, and then kept at 0\ 
The next day the mixture was filtered, the flask and filter being washed with 
another 10 cc. of ice-cold 50 % alcohol. The insoluble material on the filter 
was washed back into the original flask with a hot alcohol-chloroform mixture. 
This solution, after evaporation to dryness, was treated with 20 cc. of 50 % 
alcohol with another washing of 10 cc. in the same way. The latter process 
was repeated twice, making in all four extractions with 50 % alcohol. 

The combined 50 % alcohol filtrates were evaporated to dryness. 

Extraction from ethereal solution with aqueous alkali. It was shown in a 
previous paper [Marrian, 1929, 2] that, owing to the acidic properties of 
oestrin, a considerable degree of purification could be attained by extraction 
of an ethereal solution of the hormone with aqueous alkali. By acidification 
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and ether extraction the oestrin could be recovered quantitatively from the 
alkaline solution. 

The fraction soluble in 50 % alcohol was dissolved in about 10 cc. of 
alcohol and then diluted with 700 cc. of ether. The low solubility of this 
material in ether did not permit direct solution. This solution was then 
extracted ten times with successive 50 cc. lots of 5 % aqueous potassium 
hydroxide. The combined alkali extracts were acidified with 110 cc. of 12 N 
TICl and extracted eight times with 100 cc. portions of ether. The combined 
ethereal extracts were washed three times with water and evaporated to 
dryness. 

The final product varied considerably in colour and appearance from batch 
to batch, but in general it may be described as a brown gum containing 
varying amounts of what appeared to be crystalline material. 

The results of the whole method of concentration are shown in Table I. 
These results clearly indicate that by these methods very large yields of active 
material can be obtained and that the initial extracts can be enormously 
reduced in bulk with only about 40 % loss of activity. 

Each fraction of batch P.U. 7 a was assayed accurately to determine at 
which stage of the purification this loss occurred. The results given in Table 11 
definitely show that practically the whole of the loss occurs during the saponifi¬ 
cation. The extraordinary uniformity of the extent of this loss, with the 
exception of batch P.U. 7c, suggests that incomplete extraction by the ether 
is not the cause. This point is now being investigated. 




Table I. 





Batch No. ... 

P.U. 7 a 

P.U. 7b P.U. 7c 

P.U. 7 1 ) 

P.U. 7e 

Average 


Vol. urine (litres) 

50 

50 50 

50 

50 

50 

Initial 1 

r Wt.(K-) 

22 

21 21 

18 

20 

20 

add ether< 

No. m.u. 

2,009,000 

980,000 850,000 

444,000 1 

792,000 

1,027,000 

extract 1 

^ Yield, m.u. per litre 

41,400 

19,000 17,000 

8,880 

15,8(H) 

20,500 

I 

r Wt.(g.) 

0364 

0-253 0-471 

1-107 

0-516 

0342 

linal I 

i No. m.u. 

1,208,000 

546,000 614,000 

267,000 

445,000 

616,000 

product 1 

1 Yield, m.u. per litre 

24,100 

10,920 12,280 

5,340 

8,900 

12,300 

1 

^ Wt. 1 m.u. (mg.) 

0* 001 >301 

0-000403 0-000707 

0*000399 

0-00116 

0-000618 

Loss in 

purification (%) 

42 

44 28 

38 

44 

40 


Table II. 

Batch P.U. 7a. 









Loss in m.u. 




Wt. (g.) 

No. m.u. 


(%> 

Initial ether extract 


22 

2,069,000 


_ 

C0 2 ” unsaponifiable matter 

2-845 

1,278,000 


38 

Acetone-soluble 

... 

2-456 

1,236,000 


40 

50 % alcohol-soluble 


0-742 

1,236,000 


40 

Alkali extract from ether solution 

0-364 

1,208,000 


42 


Extraction by ether from alkaline solution. According to Funk [1929] the 
alkali metal salts of oestrin possess a definite solubility in ether and on this 
account the hormone is present in the unsaponifiable matter from active fatty 
material. If this is the case, it should be possible, by thorough extraction 
with ether from alkaline solution, to remove all the activity. 
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Since the use of carbon dioxide in the saponification of these batches 
results in the presence of a large amount of material that would not be present 
in the unsaponifiable matter if prepared by ordinary methods, it was thought 
that repeated extraction of an alkaline solution by ether, without the use of 
carbon dioxide, might prove to be an efficient method of purification. 

The whole of batch B was used to try out this method. The material, 
weighing 0-253 g. and containing 546,000 mouse units, w r as treated with 
400 cc. of 5 % aqueous potassium hydroxide in which it readily dissolved. This 
solution was diluted with 300 cc. of water and then extracted twenty times 
with 100 cc. lots of ether. The combined ethereal extracts were washed first 
with 0-5 N HC1 and then three times with water, and on evaporation yielded 
0*0588 g. of solid material. On assaying the activity of this fraction, it was 
found that only 82,400 mouse units had been extracted. This corresponds to 
an activity of 1 m.u. — 0-000704 mg. as against the activity of the original 
material of 1 m.u. 0-000403 mg. This method therefore is entirely worthless 
for the further purification of these extracts, and it seems extremely doubtful 
if the alkali salt of the hormone is appreciably soluble in ether. It seems more 
probable that the presence of oestrin in unsaponifiable matter is due to 
adsorption on the ether-soluble material. 

The active material was recovered from the extracted alkaline solution by 
acidification and ether extraction, the two fractions being combined and 
re-tested. 

Preparation of water-soluble extract . With part of the material obtained by 
the recombination of the fractions from the last experiment, an attempt was 
made to prepare an aqueous solution of such potency as might be useful for 
clinical work. 

The material containing 235,000 mouse units was treated with 25 cc. of 
hot 0*1 N NaOII. The main bulk dissolved, yielding a deep red-brown solution 
containing a small amount of finely divided material in suspension. This 
solution was then neutralised carefully with 0-1 N H01, using phenolphthalein 
as external indicator. By careful adjustment a point was reached where the 
solution was just acid to phenolphthalein, but no precipitation occurred. 
0*25 cc. of “tricresol” was added and after making up to a volume of 250 cc, 
with water, the solution was left standing in a tall cylinder to allow the few 
suspended particles to flocculate and settle. 

On assaying a portion of the clear supernatant liquid, which had a light 
brown colour, it was found to contain 670 mouse units per cc., so that the 
total activity corresponded to 168,000 mouse units. The remaining 67,000 
mouse units were presumably adsorbed on the small amount of insoluble 
material. 


28—2 
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Isolation of active crystalline material . 

Eutenandt [1929, 2] observed that the active crystalline substance isolated 
by him had a low solubility in ether. This fact suggested the possibility of 
using ether or a mixture of ether and some other solvent for the separation of 
solid material from the urine concentrates. 

In preliminary experiments direct crystallisation from ether was found to 
be impracticable, owing to the low solubility of the concentrates even in large 
volumes of boiling ether. By solution in a very small volume of alcohol and 
addition of an excess of ether, however, a large amount of solid material could 
be precipitated. 

The combined concentrates from batches P.U. a, c, d and e, weighing 
1-457 g. and containing 2,534,000 mouse units, were treated in this way. The 
dried material was warmed for a short time with 0-75 cc. of alcohol, when it 
softened to a mobile oily consistency. To this were added 10 cc. of ether, 
when a heavy granular precipitate was thrown down. The flask was placed 
in an ice-salt freezing mixture for 45 minutes, and then filtered rapidly on a 
small Buchner funnel. The filtrate was evaporated to dryness and again 
treated with alcohol and ether in the same manner, when a further small 
amount of solid was separated. The combined solid precipitates were washed 
with a few r cc. of alcohol-ether mixture to remove as much of the more soluble 
gummy material as possible. 

This solid material was light brown in colour and weighed 0*1442 g. On 
assaying, it was found to contain 1,233,000 mouse units, or about half of 
the total, corresponding to an activity of 1 m.u. = 0-000116 mg. This is 
slightly more potent than the concentrate described by the author in a 
previous paper [Marxian, 1929, 2]. 

The material was still too highly pigmented for purification by means of 
recrystallisation to be effected. An attempt was therefore made to clean it by 
treatment with charcoal. The solid matter was dissolved in 20 cc. of alcohol 
and boiled under a reflux condenser with a small amount of “norite” for 
30 minutes. The mixture was filtered hot, the flask and filter being washed 
with four successive 10 cc. portions of boiling alcohol. The alcoholic filtrate 
was evaporated to dryness and the process repeated a second time. 

The product was now nearly white in colour. The weight was 0*1439 g., 
showing that the pigment removed formed only a small fraction of the total 
bulk. It contained 1,050,000 mouse units, corresponding to an activity of 
1 m.u. = 0*000137 mg. It is doubtful if this apparent slight decrease in 
potency is significant. The difference of about 13 % is only slightly outside 
what is believed to be the probable error in the method of assay. Preliminary 
experiments showed that this material, w r hich was amorphous, could be 
crystallised from aqueous methyl alcohol. , It was therefore dissolved in 
10 cc. of boiling 57 % methyl alcohol and left overnight at 0°. 0-0767 g. of 
crystalline material were obtained in this way. The crystals were still slightly 
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brown in colour, but the bulk of the pigment appeared to be in the mother 
liquor. The recrystallisation was repeated with 5 cc. 57 % methyl alcohol. 
The twice recrystallised material weighed 0-0613 g. Two tests on this gave 
totals of 498,000 and 556,000 mouse units, corresponding to an average 
activity of 1 m.u. = 0-000116 mg. The potency is not considered to be signifi¬ 
cantly different from that of the original non-crystalline solid. 

The mother liquors from the two crystallisations were evaporated to 
dryness and treated with 12 cc. of boiling 42 % methyl alcohol. On cooling 
to 0° a further crop of crystals was obtained, which were rather more pig¬ 
mented than those of the first batch. This material weighed 0-0275 g. and 
contained 256,000 m.u., corresponding to an activity of 1 m.u. = 0*000108 mg. 

The mother liquor from this recrystallisation contained less than 125,000 
mouse units. 


Properties of the crystalline substance. 

The first batch of crystals were very slightly pigmented. On microscopic 
examination two types of crystals were observed (Plate II a). It was shown, 
however, that these two types were merely different forms of the same sub¬ 
stance. On recrvstallisation from 57 % methyl alcohol at 0°, the crystals 
were all of the type shown in Plate II b. On recrvstallisation at ordinary 
temperatures, the crystalline form was of the second type shown in Plate II a. 

The substance appeared to have no definite melting point. From 222° 
onwards a slight darkening and shrinkage were observed. At 256-260° the 
substance melted completely and simultaneously decomposed. 

On treating a small quantity of the substance in chloroform solution with 
H 2 S0 4 and acetic anhydride (Liebermann-Burchardt reaction) a pale orange- 
yellow colour with a marked green fluorescence resulted. This is very similar 
to the colour reaction observed by Wieland, Straub and Dorfmuller [1929] 
with their preparations. Butenandt [1929, 1]. on the other hand, observed 
no characteristic colour reaction with these reagents. 

A preliminary micro-combustion and molecular weight determination 
showed that the substance contained three oxygen atoms to about eighteen 
carbon atoms. The percentage of carbon was somewhat lower than that in the 
substances isolated by Butenandt [1929, 1, 2] and Laqueur, Dingemanse and 
Kober [1930]. In view of the fact that there is at present no satisfactory 
criterion of purity, these results are probably only of value in so far as they 
indicate the approximate molecular dimensions. The close agreement between 
the observed value for the molecular weight and the figure corresponding to 
the formula suggested by the analysis, is probably fortuitous. 

Nitrogen could not be detected in the substance. 

4*541 mg. gave 12*415 mg. C0 2 and 3-50 mg. H 2 0. 

C 74*53 %, H 8*56%. 

Mol, wt. by East’s camphor method: 288, 289. 

Calculated for C 75*00 %, H 8-33 %, molecular weight 288. 
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Table III. The purification of batches P.V. 7 j, c, z> and e. 

Ukine 200 litres 

acidified 
ether- 
extracted 

Ether-soluble 

8 1 g. 4,155,000 m.u. 

heated with aqueous KOH 
CO a passed 
ether-extracted 

Ether-soli ble 

8- 172 r. 

extracted 
cold acetone 


Acetone-soluble 
7-429 g. 

ext rat ted 

cold 50 ° () alcohol 

50 ° 0 ALCOHOL-SOU RLE 
2 715 g. 


acetone-insoluble 
containing solid 
alt ohol 


dissolved in ether 
extracted aqueous KOH 
acidified 
ether-extracted 

Alkali-soluble 

1-457 g. 2,534,000 m.u. 

1 in. ii. - 0-000575 mg. 

j precipitated from 
alcohol by other 

I 

EtHF.R-INS< >LUBLK 

0-1442 g. 1,233,000 m.u. 

1 m.u. - 0 0001 lfi mg. 

treated with 
charcoal in 
alcoholic solution 

0-1439 g. 1,050,000 m.u. 

1 m.u. - 0-000137 mg. 

recrystallised twuee 
from 57 % MeOH 


Crystals 
0-0613 g. 

527,000 m.u 
1 m.u. —0-000116 mg. 


Mother liquors 

l>ried 

again rcerystallised 
from 57 % MeOH 

- I 

Crystals Mother liquor 

0-0275 g. > 125,000 m.u. 

256,000 m.u. 

1 m.u. -0-000108 mg. 
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Discussion. 

By the methods described in the earlier part of the paper, very large 
yields of oestrin can be obtained in a concentrated form from the urine of 
pregnancy with a relatively small loss of total activity. Such concentrates 
make a suitable starting point for the preparation of aqueous solutions 
suitable for clinical or physiological use. The advantage of the method of 
obtaining aqueous solutions of the hormone, as described in this paper, over 
methods previously in general use, is that far higher concentrations of the 
active substance can easily be obtained. The only limit appears to be the 
solubility of the alkali salts of the hormone and of the substances associated 
with the hormone. In the older methods, the very much lower solubility of 
the free acidic substances in water was the limiting factor. The importance of 
such highly concentrated aqueous solutions for physiological and clinical use 
is made (dear by recent work carried out in collaboration with l)r A. S. Parkes 
[Marrian and Parkes, 1930]. 

Two points in connection with the crystalline substance are at present not 
clear. In the first place, are the active crystalline compounds isolated by 
Butenandt [1929, 1, 2], Laqueur, Dingemanse and Kober [1930] and the 
author identical? In the second place, are any of these substances the pure 
hormone itself, or are they merely inactive substances on which is adsorbed 
a small amount of the active hormone? 

Butenandt [1929, 2] observed that his active substance melted with de¬ 
composition at 240°, Laqueur, Dingemanse and Kober [1930] do not record 
a melting point for their substance 1 , while the author’s preparation melted 
very indefinitely with decomposition at 250-261°. The decomposition which 
occurs makes it obvious that the melting points cannot be accepted as satis¬ 
factory criteria of purity. 

The close agreement between the combustion figures of the first two 
preparations suggests that these two substances may be identical (Bute¬ 
nandt, C 78*31 %; H 8*13 %; Laqueur, Dingemanse and Kober, C 78*61 %; 
H 8*25 %). A somewhat lower figure for the carbon content was, however, 
obtained for the author's preparation. 

Butenandt reports an activity of 8 million mouse units per g., Laqueur, 
Dingemanse and Kober 8-10 million per g., while the author's preparation 
has also an activity of 8 million mouse units per g. These figures, however, 
are not so uniform as they might at first appear, as the methods of testing 
are different in each case. Laqueur and dc Jongli [1929] test their materials 
in six doses spread over a period of 18 hours. A similar technique has been 
adopted by Allan, Dickens and Dodds [1930]. The latter show that this 
method gives approximately a 25 % higher response than that of giving four 
doses over 36 hours. Experiments confirming this relationship between the 
two methods have been carried out by the author. 

1 Shortly after going to press, a more detailed paper appeared in Dcutsch. mecL Work . from 
Laqueur’s laboratory, in which the melting point of crystalline “ Menformon ” is given as 240°: 
decomposition is not mentioned. 
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Butenandt [1929, 2], on the other hand, administered his preparations as 
a single dose in sesame oil solution. In later work [Butenandt and Ziegner, 
1930], he shows that when four and six injections are administered over 
36 and 40 hours respectively, the apparent activity of the preparation 
is raised from 8 to 30 and 40 million mouse units per g. respectively. These 
results, while providing further data on the relationship between the four and 
six dose methods, are of little value for deciding the point at issue, namely, 
the relationship between the activity of a preparation given in a single dose 
in oil solution and that of a multiple dose in what is virtually an aqueous 
solution. Allan, Dickens and Dodds [1930] show the relationship between 
single and multiple doses in aqueous solution and also single doses in an oil- 
water emulsion. The latter is, however, hardly the same as a true oil solution. 
Rapid absorption of the hormone must occur directly from the aqueous phase. 

A few experiments have been carried out by the author bearing on this 
question. Graded doses of the active crystalline material dissolved in sesame 
oil were administered to a few mice by the method in which four injections 
are given. Too much reliance cannot be placed on the results, since groups of 
twenty were not used on account of the adverse effects of the oil injections. 
The results indicated, however, that the material had at least twice the 
apparent activity displayed when injected in aqueous solution. Thus, tested 
by this method, the crystalline material has an activity of about 16 million 
units per g. This, although lower than Butenandt’s figure of 30 millions, is 
more nearly of the same order. 

The remaining discrepancy might be accounted for by a difference in the 
total volume of oil injected. Marrian and Parkes [1929] showed that, with 
aqueous solutions, the volume of the dose had no appreciable effect upon the 
apparent activity. With oil solutions this cannot be the case. Within certain 
limits the activity of a preparation varies inversely with its rate of absorption 
when administered subcutaneously. Absorption from a large volume of oil 
must necessarily be slower than from a small volume, and an increased 
apparent activity may result with the larger volume. With still larger volumes 
of oil, the rate of absorption must be still further slowed and then presumably 
a decrease in apparent activity would be observed. With aqueous solutions 
the rate of absorption is so rapid that these considerations do not apply. 

It is considered, therefore, that the apparent difference between the 
activity of Butenandt’s material and the one described here is not so great 
as might at first appear. 

Whether these crystalline substances are actually the hormone itself is a 
point that can only be decided by future work. Laqueur, Dingemanse and 
Kober [1930] are doubtful on this point, since some of their preparations 
showed an activity of as much as 14 million mouse units per g. Until the 
activity has been shown to remain constant after repeated recrystallisations 
from different solvents, no conclusions should be drawn. 
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Summary. 

1. By acidification and ether-extraction of urine from pregnant women, 
yields of oestrin varying from 8000 to 40,000 mouse units per litre can be 
obtained. 

2. Methods are described by which these extracts can be greatly purified 
with a loss of only 40 % of the activity throughout the process. This loss 
occurs entirely in the initial stage of saponification. The mouse unit of these 
purified preparations is of the order of 0*0006 mg. 

3. From such purified preparations an active crystalline substance has 
been isolated. The mouse unit of this substance is about 0*00011 mg. 

4. The possible identity of this substance with the active substances 
recently isolated by Butenandt and by Laqueur, Dingemanse and Kober is 
discussed. 

5. There is no proof at present that this substance is actually the pure 
hormone. 

The author wishes to express his gratitude to Prof. J. C. Drummond for 
his continued interest and advice, to Dr A. S. Parkes for the large number 
of ovariectomised mice, without which this work would have been impossible, 
and to Prof. F. J. Browne for providing facilities for the collection of urine 
from University College Hospital. 

The expenses of this work were defrayed by a grant from the Medical 
Research Council, to whom the author wishes to express his thanks. 
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LIII. STUDIES ON ANTIGLYOXALASE. 
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While investigating the distribution of glyoxalase in various animal tissues, 
Dakin and Dudley [1913] found that the pancreas is distinguished from all 
oilier animal organs in that it not only contains no glyoxalase itself, but 
also inhibits the glyoxalase action of other tissues with which it is incubated. 
They assumed the existence in pancreas of an inhibiting substance which 
they called antiglyoxalase. Some further work on antiglyoxalase has been 
published by the same authors [1914], by Foster [1925], by Kuhn and 
Heckscher [1926] and by Ariyama [1928], Nothing definite is known, however, 
about the nature and the mode of action of antiglyoxalase, and the interest 
which attaches to the transformations of methylglyoxal as probable im¬ 
portant steps in the intermediary metabolism of carbohydrates seemed to 
warrant a further investigation of the problem. Both Dakin and Dudley, 
and Ariyama are agreed that the inhibiting action of antiglyoxalase develops 
gradually when the pancreatic extract is incubated together with a glyoxalase 
solution. The fullest inhibition is only obtained when the phenyl- or methyl¬ 
glyoxal is added after several hours’ incubation of glyoxalase with anti¬ 
glyoxalase. This seems to indicate that the inhibition is due to a reaction of 
the inhibiting factor with the enzyme, but it is not possible to decide on the 
present evidence whether glyoxalase is destroyed in the process or merely 
inactivated by combination w T ith antiglyoxalase. Foster came to a different 
conclusion regarding the mode of action of antiglyoxalase. This author ob¬ 
served that whenever phenylglyoxal is incubated with pancreas, with or 
without addition of other tissue extracts, an orange colour develops in the 
solution. Owing to an apparent parallelism between the intensity of the 
colour developed and the intensity of the inhibition foimd, she suggested that 
the inhibiting action of pancreas might be due to the combination of some 
substance present in it with the glyoxal, forming a coloured compound re¬ 
sistant to the action of glyoxalase. The action of antiglyoxalase would thus 
be not on the enzyme but on the substrate. While the present work fully 
confirms Foster’s observation, it will be seen that the phenomenon described 
by her is entirely independent of the antiglyoxalase action of pancreas. 
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Technique. 

Dakin and Dudley, and Poster followed the action of glyoxalase by 
estimating polarimetrically the mandelic acid formed. Kuhn and Hecksoher 
estimated methylglyoxal in the solution by an iodimetric method and thus 
followed its disappearance, whilst Ariyama used for the same purpose a 
colorimetric method based on the reduction of Benedict’s uric acid reagent 
by glyoxals in presence of KCN. It was thought that a manometric method, 
based on the principle of Warburg’s method for following glycolysis, might 
prove more rapid and less laborious. Warburg’s technique had already been 
used by Meyerhof [1925] for following the transformation of methylglyoxal 
into lactic acid by tissue slices. As no Warburg manometers were available 
and the work had to be done with manometers of the Barcroft type, it was 
first necessary to adapt the technique so as to allow it to be used with the 
Barcroft manometer. Warburg’s method consists in measuring manometrically 
the C0 2 expelled from a solution containing NaHC0 3 by the lactic acid pro¬ 
duced. To adjust the p u it is necessary to equilibrate the solution against a 
C0 2 atmosphere, the C() 2 tension required depending on the NaHC0 3 concen¬ 
tration and on the p u desired. The Barcroft manometer cannot be filled with 
a gas by passing it through the cups as in Warburg’s method. Instead it is 
necessary to evacuate it and fill it with the gas required, a process which has 
to be repeated at least twice, to assure a fairly complete replacement of the air. 
Filling the manometers in this way with air-C0 2 mixtures did not lead to 
constant results, and the following technique was adopted after some trials. 

The manometers are connected with the pump and with an aspirator 
bottle filled with C0 2 from a cylinder. They are also connected with a mercury 
manometer and with a gas burette, used for checking from time to time the 
purity of the C0 2 . The Barcroft manometers are twice evacuated and filled 
with C0 2 ; thereupon they are again connected with the pump and the 
pressure in the whole system is lowered to the tension of C0 2 desired. The 
process is followed by means of the mercury manometer. A correction has of 
course to be applied for the difference in water-vapour tension in the Barcroft 
cups at 38° and in the connections with the mercury manometer at room 
temperature. Now the manometer cups are lowered into the thermostat in 
the usual way, and the shaking mechanism is started. After about 5 minutes 
the taps of the manometers are closed. Though pressures of about one-fifth 
of an atmosphere within the cups have been used most of the time, no trouble 
has been experienced with leakages. The NaHC0 3 and C0 2 concentrations 
required were calculated on the basis of the Henderson-Hasselbalch formula, 
modified by Hastings and Sendroy [1925] so as to take account of the activities. 
Four Barcroft manometers were used for each experiment, run as two dupli¬ 
cate pairs, a necessary precaution since duplicates, whilst usually agreeing 
within about 3-5 %, were occasionally found to diverge more widely. 
Both cups of the manometer contained the same amounts of water, NaHCO s 
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solution, enzyme, etc. A small glass cup with a platinum hook was hung on 
the edge of the KOH tube of the manometer cup. That in the right-hand cup 
contained the glyoxal solution (usually 03-06 cc.) whilst that in the left 
cup contained an equal volume of water. After the taps have been closed, 
as described above, the initial reading is taken and the small cups are upset 
by slightly lifting the manometer and tapping with the finger. 

Results and discussion. 

Fig. 1 shows the effect of adding pancreatic extract to a glyoxalase solution 
in a Barcroft manometer. Minced liver, extracted with about five times its 
volume of water, was used (as also in the following experiments) as glyoxalase 
solution. The pancreatic extract was prepared in a similar manner. The curve 
without pancreas was obtained with 0*6 cc. liver extract in the cups, for the 
curve with pancreas 0*6 cc. liver extract and 1*0 cc. pancreatic extract were 
used. It will be seen that, instead of inhibiting, the pancreas seems at first 
actually to accelerate the reaction, and only after about 2 hours does the 



reaction velocity with pancreas begin to fall off compared to that with liver 
alone. Controls were thereupon made with pancreas alone, and it was found 
that this causes on addition of phenylglyoxal an evolution of C0 2 , that is, 
an acid production, of the same order approximately as an equal volume of 
liver extract. Hence the effect described seems to be due to the action of 
the pancreas superposed on that of the liver-glyoxalase, rather than to an 
accelerating action of the former on the latter. Ariyama, measuring the 
methylglyoxal disappearance, also found an apparent acceleration at first 
after adding pancreas, and several liqurs were required before inhibition began 
to develop. He suggests that some glyoxalase may be present in pancreas, 
without bringing any evidence to support this suggestion, beyond the fact 
that some methylglyoxal disappears on incubation with pancreatin alone. 
To test whether the acid production on addition of phenylglyoxal to pancreatic 
extract is due to a transformation of the former into mandelic acid, pan¬ 
creatic extract was incubated with phenylglyoxal in comparatively large scale 
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experiments and an attempt was made to isolate mandelic acid by the method 
described by Dakin and Dudley [1914]. Several such experiments were made, 
but all with completely negative results. Instead, it was found that, as 
described by Foster, an orange or brownish colour develops in the solution 
and on longer incubation with high initial phenylglyoxal concentrations a 
fairly copious yellow precipitate is deposited. The precipitate, after centri¬ 
fuging off, was found to consist of a substance readily soluble in alcohol or 
ether but only very sparingly in water. Attempts to recrystallise it from 
ether proved fruitless, as a yellow oil remained which on standing gradually 
solidified to a resinous substance. That the action of the pancreatic extract 
on phenylglyoxal is not due to an enzyme follows from the fact that prolonged 
boiling or even autoclaving does not affect its activity. Even 2 hours’ boiling 



Mol. concentration of phenylglyoxal 
Fig. 2. 


with about 20 % HC1 or KOH does not cause more than a 20 % decrease in 
activity. In Fig. 2 the effect of variations in the concentration of phenyl¬ 
glyoxal on the velocity of its reaction with pancreas is shown. The molar 
concentration of phenylglyoxal in the solution is plotted against the C0 2 
(in mm. 8 ) evolved in 5 minutes. The shape of the curve suggests that two 
molecules of phenylglyoxal may enter into the reaction. On the other hand, 
the reaction velocity is strictly proportional to the amount of pancreatic 
extract taken. The effect of changing the p n between 7-0 and 7*9 was investi¬ 
gated and a rapid rise in reaction velocity with increasing alkalinity was found. 
Below 7-0 the reaction is negligible. The substance in pancreas, responsible 
for the reaction with phenylglyoxal, is destroyed by treating with NaNO a 
and acetic acid, which suggests that we are dealing with an amino-compound. 

It is clear that any reaction involving the condensation of —NH 2 groups 
with a glyoxal must lead to an increase in the acidity of the solution and 
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hence to an evolution of C0 2 . The effect would somewhat resemble that made 
use of in Sorensen’s method of amino-acid titration. 

It is well known that phenylglyoxal reacts with ammonia and amines by 
condensation. Pinner [1902, 1905] identified the products of the action of 
ammonia on phenylglyoxal as consisting partly of l-benzoyl-4-phenyliminazole 
and partly of 1 : 4-diphenyl-3-hydroxypyrazine. The products of the action 
of amino-acids on glyoxals have not yet been investigated. Neuberg and 
Kobel [1927] describe the action of amino-acids and related compounds on 
methylglyoxal. On heating the solution they observed extensive decom¬ 
position, with production of C0 2 and acetaldehyde. In the cold they only 
observed a change in rotation and formation of “melanin.” 

Attempts were made to isolate from the pancreas the substance or sub¬ 
stances responsible for the reaction. It proved possible to precipitate with 
tannic acid much of the protein and peptone present in the extract, without 
markedly diminishing its power of reacting with phenylglyoxal. The tannic 
acid was removed by baryta. On treating the tannic acid filtrate with 
pliosphotungstic acid the substances looked for were completely precipitated. 
This is evidence in favour of the supposition that we are dealing with amino- 
compounds. Repeated attempts to isolate these substances from the phospho- 
tungstic acid precipitate by the usual procedure proved fruitless. The occurrence 
of the substances in question in other sources than pancreas was then investi¬ 
gated. It was found that liver, muscle and kidney are completely inactivated by 
5 or 10 minutes’ boiling. On the other hand, boiled yeast extract and boiled 
extract of testis were found to possess an activity similar to that of pancreas. 
Pancreas, veast and testis are known to be particularly rich in histones, con¬ 
taining a high proportion of diamino-acids. On allowing phenylglyoxal to act 
on various amino-acids in Barcroft manometers, as described above, it was 
found that whilst monoamino-acids are inactive, the diamino-acids, histidine, 
arginine, and lysine give a reaction very similar to that obtained with pan¬ 
creas. Both acid production and the development of an orange or yellow 
colour were observed. 

Reacting as an aldehyde, phenylglyoxal should of course condense with 
monoamino-acids in a way analogous to the condensation obtained with 
formaldehyde. Using, in the Barcroft method described, formaldehyde or 
acetaldehyde, reaction rates too rapid to be measured were obtained both 
with mono- and with di-amino-acids. No colour develops in the solution when 
formaldehyde or acetaldehyde reacts with an amino-acid, and this, together 
with the fact that only diamino-acids react with phenylglyoxal seems to show 
that the two reactions are quite distinct. The curve shown in Fig. 2, indi¬ 
cating that two molecules of phenylglyoxal may enter the reaction, confirms 
this view. It is interesting to note that the substances obtained in this 
reaction somewhat resemble, in their physical properties, the products of the 
action of ammonia on phenylglyoxal, as described by Pinner. According to 
Mr Pirie (unpublished communication) chloral hydrate produces no shift of 
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p B in a solution of alanine. It seems at any rate possible that the fact 
that phenylglyoxal exists as a hydrate is an important factor in determining 
the reactions described in this paper. 

Whilst it has been shown that the dia mi no-acids give with phenylglyoxal 
a reaction similar to that obtained with pancreatic extract, the question 
remains whether the diamino-acids present in the extract are sufficient to 
account for the whole of the reaction obtained. A number of experiments 
were made, in which the amino-nitrogen and the reaction velocity with phenyl¬ 
glyoxal of a boiled pancreatic extract and of a histidine solution were com¬ 
pared. The histidine solution was found to possess only two-thirds of the 
activity of the pancreatic extract, whilst it contained 1*4 times as much 
amino-nitrogen. As the whole of the free amino-nitrogen of the pancreatic 
extract cannot be derived from diamino-acids the disparity of the reaction 
rate and the diamino-acid concentration must be still greater than is indicated 
by the above figures. No special search was made for other substances in 
pancreas giving the same reaction. But it was found that glycylglvcine shows 
the reaction, and so does liver juice after partial acid hydrolysis. Hence it 
appears that polypeptides are also capable of reacting with phenylglyoxal. No 
quantitative experiments were attempted to show whether the polypeptides 
plus diamino-acids could account for the whole of the reaction obtained with 
pancreatic extract, or whether some further substances have to be taken 
into account. 

That the antiglyoxalase action of pancreatic extracts cannot be due to 
removal of the glvoxal by the reaction described in this paper, as suggested 
by Foster, seems to follow from a number of results described in the literature. 
Neither yeast nor testis extracts show any antiglyoxalase activity (Dakin 
and Dudley). Both Arivama and Kuhn and Heekscher observed antigly¬ 
oxalase action while following ineth vlglyoxal disappearance and not, like Dakin 
and Dudley or Foster, mandelic acid production. Finally the complete thermo¬ 
stability and easy dialysability of the substances responsible for the reaction 
here described disagree with the properties ascribed to antiglyoxalase by the 
above workers. The problem is being further investigated. 

Summary. 

1. A method is described for following acid production from phenylglyoxal 
by means of the Bar croft manometer. 

2. A production of acid, similar at first sight to that obtained with 
phenylglyoxal and liver extract, is obtained when phenylglyoxal is added to 
a pancreatic extract. 

3. It is shown that this acid production is not due to a transformation 
into mandelic acid, but to a reaction with amino-compounds, partly diamino- 
acids, with formation of a sparingly soluble orange substance. The reaction 
seems to be identical with that described by Foster. 
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4. The diamino-acids present in pancreatic extract cannot account for 
the whole of the reaction obtained, but it is found that polypeptides, in¬ 
cluding those of monoamino-acids, also react, while the monoamino-acids 
themselves do not. 

My thanks are due to Mr J. B. S. Haldane for suggesting the subject 
of this research, and to him and Sir F. G. Hopkins for their interest and 
encouragement. 
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LIV. THE ALLEGED CONTAMINATION 
OF CAROTENE BY VITAMIN A. 

By NORMAN STEWART CAPPER. 

From the Sir Donald Currie Laboratories , Queen's University of Belfast. 

(Received March 4th , 1930.) 

The claim of Euler, Euler and Hellstrom [1928] tliat carotene can restore 
growth in rats receiving diets deficient in vitamin A has now been supported 
by various workers [Moore, 1929, 1, 2; Collison, Hume, Smedley-MacLean 
and Smith, 1929; Kawakaini and Kimm, 1929]. Negative results, however, 
were obtained by Duliere, Morton and Drummond [1929, 1, 2], and it was 
suggested by these workers that pure carotene was inactive, and that samples 
found to be active must have contained traces of vitamin A as impurity. 
Recently Hume and Smedley-MacLean [1930] have shown that the real cause 
of this failure did not lie in the superior purity of the carotene used, but was 
in all probability traceable to the use of ethyl oleate as a solvent for the test 
doses. Nevertheless the criticism that even the purest samples of carotene 
might still contain traces of the familiar vitamin A of cod-liver oil has re¬ 
mained incompletely answered. 

In the present note this problem has been approached by a comparison 
of the ultra-violet absorption spectra of carotene and cod-liver oil concentrate. 
It is well established that cod-liver oil and its concentrates are characterised 
by an absorption band at 328 yap, and this band is attributed with some 
confidence to the presence of vitamin A [Takahashi et al. 1925; Morton and 
Heilbron, 1928; Drummond and Morton, 1929], In an examination of carotene 
samples of varying degrees of purity, however, Duliere, Morton and Drummond 
have failed to detect this band, and have suggested that the absorption of 
carotene in this region may be sufficiently dense to obscure completely any 
maximum due to the vitamin. From the experiments to be described below 
a different conclusion has been reached, and it will be shown that the activity 
of carotene cannot be correlated with sufficiently intense absorption at 328 pp 
to account for its physiological activity on the basis of the presence as an im¬ 
purity of the same factor as is responsible for the absorption band of cod-liver 
oil. 

Experimental. 

The carotene used was prepared from carrots by Dr T. Moore, and had 
been purified to m.p. 178° (uncor.) by 12 recrystallisations from cyclohexane. 
In biological experiments the minimal daily dose necessary to promote growth 
in rats had been found to be about 0*002 mg. The cod-liver oil concentrate 
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was also supplied by Dr Moore, and had been found to promote growth 
regularly at 0*01 mg., with one isolated response at 0-0033 mg. 

The solutions were made up in dry ether and examined in 1 cm. cells in 
a Hilger sector photometer used in conjunction with a Hilger E 3 quartz 
spectrograph, a condensed copper spark being employed as a light source. 
The absorption curves obtained are shown in Fig. 1. 



Fig. 1. Full curve: 0-005 % cod-liver oil concentrate. 
Broken curve: 0-006 % carotene. 


Discussion. 

From Fig. 1 it will be seen that the absorption of carotene at 328/x/x was 
considerably less than the absorption of the cod-liver oil concentrate dissolved 
at the same concentration. Now since the carotene, weight for weight, had 
been found to be rather more active than the concentrate it would have been 
^expected, if the vitamin A factor of the pigment were present in the same 
form as in cod-liver oil, that the absorption at 328/x/x would at least be equal 
in intensity, even in the improbable event of pure carotene being perfectly 
transparent in this region. Indeed if the carotene were much less active than 
was found, a maximum should still be apparent from the intensity of the band 
shown by the concentrate. 

It is, therefore, obvious that the biological activity of carotene cannot be 
explained by the presence of vitamin A as characterised by a band of 328 /x/x. 
Unless it be assumed that the close association between this band and the 
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vitamin A of cod-liver oil is purely fortuitous it seems necessary to assume that 
vitamin A can exist in at least two forms, only one of which absorbs strongly 
at 328 fifi or that vitamin A can be synthesised in vivo from carotene, as has 
been suggested by Moore [1929, 3], or from some impurity still associated 
with the carotene. 

Summary. 

1. The intense vitamin A activity of carotene is not accompanied by the 
absorption band at 32 S^fx which is considered characteristic of the vitamin A 
of cod-liver oils. 

2. The absorption of carotene (m.p. 178°) in this region is insufficiently 
intense to obscure the absorption at 328 /t/x which would be entailed by the 
presence of the cod-liver oil factor in an amount sufficient to account for the 
physiological activity of the pigment. 

3. Unless the close relation between the vitamin A activity of cod-liver 
oil and the 328 /x/x band is deceptive it is essential to assume that vitamin A 
can exist in at least two forms, or that carotene behaves as provitamin A. 

My best thanks are due to Dr Moore for suggesting this problem, and to 
Dr J. K. Marsh for his interest and help, 
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(Received March 4th, 1930.) 

In previous communications by one of us [Harington, 1926, 1928] reference 
lias been made to experiments with the object of isolating thyroxine from the 
thyroid gland by means of the action of enzymes alone. All these attempts 
had hitherto proved abortive, but the problem remained of such interest that 
it was determined to make a renewed attack upon it in a more systematic 
manner and upon a larger scale than had so far been attempted. 

The problem seemed to us to present three main points of interest; in the 
first place the isolation of thyroxine through the unaided action of proteolytic 
enzymes would supply the final proof that the compound was present in the 
gland in peptide combination, provided that the possible objection that the 
isolation was rendered possible by the digestion of protein containing the 
thyroxine either in simple admixture or adsorbed could be dealt with on 
analytical grounds. Secondly, during the isolation of thyroxine by the action 
of enzymes alone no racemisation was to be anticipated, so that the deter¬ 
mination of the optical rotation of the product w T ould provide us with the 
information which we required as to the completeness of the resolution of 
dl- thyroxine already described [Harington, 1928]. In the third place the 
physiological investigation of the intermediate thyroxine-containing digestion 
products of the thyroid offered an opportunity of testing the correctness of 
the suggestion recently advanced [Harington and Randall, 1929] that any 
remaining discrepancy which appears to exist between the physiological 
activity of thyroid gland and that of an equivalent amount of thyroxine may 
be accounted for by an enhancement of the activity of the latter compound 
when it is in peptide combination. 

One of the main difficulties which we anticipated was the loss of iodine 
as iodide which has been reported to occur in attempts to digest the thyroid 
protein with trypsin. Oswald [1908] has stated that in one experiment the 
whole of the iodine of a preparation of iodothyreoglobulin was thus liberated 
during digestion with an extract of pancreas for 3 weeks, and he has also 



/-THYROXINE FROM THE THYROID GLAND 


457 


published experiments [1909J to show that a similar liberation of iodine occurs 
when 3 : 5-diiodotyrosine is subjected to the action of trypsin. One of us 
[Harington, 1926] in the course of his earlier experiments on the isolation of 
thyroxine met with the phenomenon under discussion, although the liberation 
of iodine did not appear to be so extensive as was indicated by the results of 
Oswald. 

As a preliminary step, therefore, we undertook some experiments concerning 
the action of various preparations of trypsin on diiodotyrosine, since the 
possibility was present to our minds that the liberation of iodine might not 
be due to the trypsin as such, but to some accompanying enzyme; we hoped 
in fact that it might prove possible to procure or to make a preparation of 
trypsin which, whilst retaining its proteolytic activity, would be free from 
the disadvantage that it also liberated iodine from compounds of this type. 

To our surprise, however, with none of the preparations of trypsin which 
were at our disposal were we able to repeat Oswald’s experiments. After 
2 -3 weeks of exposure to the action of trypsin under the conditions specified 
by him there was scarcely a trace of the effect which he describes, and, 
although on keeping the solutions for a period of months there was detectable 
a certain amount of liberation of iodine as iodide, this amount remained 
small, and we are inclined to ascribe the phenomenon to the effect of pro¬ 
longed keeping in slightly alkaline solution, rather than to any action of 
the enzyme. We found, however, in the course of our experiments, that the 
technique of analysis was not so simple as at first appears. In the presence 
of nitric acid and silver nitrate even in the cold, the iodine of diiodotyrosine 
is liberated with comparative ease, and precipitated as silver iodide. In the 
experiments under discussion samples of the solutions were taken from time 
to time, and the state of affairs determined by treatment with nitric acid 
and silver nitrate to remove inorganic iodide, followed by filtration and de¬ 
termination of the organic iodine remaining in the filtrate. At times the 
filtration of the precipitate produced by silver nitrate in acid solution would 
be slow, and it was noticed that in such experiments the liberation of iodine 
appeared to have been greater; it was then found that by keeping the solution 
for different periods of time at the stage of precipitation with silver nitrate 
and nitric acid the result of the analysis could be varied almost at will. It is 
evident, therefore, that unless the analysis be carried out with the utmost 
care and rapidity the results obtained are of little value, and it seems to us 
not unlikely that the findings of the earlier investigator may be ascribed to 
an unsuspected error of technique of this description. 

These experiments at any rate relieved us of a large part of our fear that 
the action of trypsin would be inevitably associated with serious losses of 
material through liberation of iodine, so long as the duration of the experi¬ 
ment were not unduly great. We could not indeed be certain that the con¬ 
ditions would be the same during the actual hydrolysis of a protein containing 
thyroxine (or diiodotyrosine) in peptide combination, or in the presence of 
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oxidases which might be contained in the gland itself; there was, however, 
no indication of the necessity of attempts to purify the proteolytic enzyme 
further, and it was decided to begin work on the enzymic hydrolysis of the 
thyroid protein, the general plan being to make the enzymic attack of as 
intensive a nature and of as short duration as possible. 

About 30 years ago Hutchison [1896, 1898] described experiments in 
which he was able, as the result of the action of pepsin on “colloid” (pre¬ 
sumably crude iodothyreoglobulin) to obtain an acid-insoluble precipitate 
containing a considerably higher concentration of iodine than the starting 
material. The preparation of this product of peptic digestion appeared to us 
to offer a promising starting point for our experiments, more especially as 
preliminary peptic digestion is known to lay a protein more open to subse¬ 
quent attack by trypsin. 

As a source of material we have used, throughout the greater part of this 
work, chilled thyroid glands. These were obtained for us by the British Drug 
Houses in sealed tins, and were conveyed direct from the cold store to the 
National Institute for Medical Research, where, by the courtesy of I)r H. H. 
Dale, F.R.S., they were stored at — 5°. The material was taken from the cold 
store as required, rapidly minced, and extracted with a slightly alkaline 
solution containing 1 % of sodium chloride; the extract, which contained 
practically the whole of the iodine, was either adjusted to p u 1*5 and sub¬ 
mitted directly to intensive peptic digestion, or the globulin was first separated 
by dilution or by heat-coagulation, and a suspension of the precipitate in 
dilute hydrochloric acid at p u 1*5 was digested with pepsin. In the latter- 
case the action of the pepsin brought about rapid solution of the greater part 
of the precipitate, and in all cases after 48-96 hours the peptic action was 
complete. At this stage, the reaction of the solution having been maintained 
at p R 1*5 by periodic additions of hydrochloric acid, the amount of precipitate 
was very small; on reducing the acidity, however, a considerable increase in 
precipitation occurred, and indeed a sharp optimum precipitation point was 
observed at p n 5*0, The precipitate so obtained was large in amount and 
contained about 40 % of the total iodine at a concentration of about 1 % 
of the dry weight; it was, however, heavily contaminated with fat. Attempts 
to remove the fat at this stage were unsuccessful owing to the almost per¬ 
manent emulsions which were formed with ether or other fat solvents. The 
.material was therefore dissolved as completely as possible in dilute sodium 
hydroxide, the reaction being finally adjusted to p R 8*0, and was subjected 
to digestion with trypsin. In spite of our previously mentioned failure to 
observe any liberation of iodine as the result of the action of trypsin on 
diiodotyTosine, we had nevertheless in mind, for reasons already mentioned, 
the possibility that during the actual digestion of the protein conditions might 
be different. We therefore conducted the digestion as intensively as possible, 
employing large amounts of an active preparation of trypsin and arresting 
the reaction as soon as the curve representing the increase of amino-nitrogen 
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began to flatten out. This occurred after 72-96 hours, at which point the 
amino-nitrogen represented about 50 % of the total; the solution was diluted 
with water and adjusted to p n 5*0 and the precipitate separated by filtration. 
It was found that at this stage a considerable amount of material of negligible 
iodine content could be rejected by extracting the precipitate with 70 % 
acetone containing some hydrochloric acid, nearly all the iodine passing into 
solution in this solvent and the larger part of the material being left un¬ 
dissolved. By adjustment of the reaction of the filtrate to p u 5*0 and removal 
of the acetone by distillation the iodine-containing material was recovered. 
A fairly satisfactory removal of lipoids could now be effected by solution of 
the precipitate in dilute alkali followed by reprecipitation with simultaneous 
extraction with ether, and the residual material could be readily dried to a 
dark brown powder which usually contained about 15 % of iodine and 7 % 
of nitrogen. 

It was resolved at this point to attempt to make use of the fact observed 
by Kendall [1919] that the pigmented substances of high molecular weight 
which are formed during the hydrolysis of the thyroid have a very low solu¬ 
bility in barium hydroxide. We therefore dissolved our material in a large 
volume of boiling water with the aid of the minimal amount of ammonia, and 
added barium hydroxide (hydrate) to make a concentration of 5 % of the 
latter; this produced a bulky precipitate, which was immediately filtered off 
from the hot solution; the filtrate, which was of a light brown colour, was 
adjusted to p n 5*0 with hydrochloric acid. This caused an immediate pre¬ 
cipitation, and further separation of material occurred on standing; after 
48 hours the solid material was filtered off and dried, when it formed a light 
brown-coloured powder containing usually a little over 30 % of iodine and 
giving a very strong nitrous acid reaction for thyroxine. 

Attempts to crystallise this material by dissolving it in 80 % alcohol 
containing sodium hydroxide and acidifying the hot solution with acetic acid 
resulted in no separation. When acetone was added to the acid solution, 
however, separation of a considerable amount of pigmented oily material of 
low iodine content occurred; after removal of the latter the clear liquid was 
poured into a large volume of water whereupon there slowdy separated a 
cream-coloured product wdiich, after drying, had an iodine content of 45-50 %, 
and a nitrogen content of about 5 %; since, as the result of a number of 
experiments, we arrived constantly at a product of approximately the same 
composition, in spite of the complexity of the process, we w T ere at first inclined 
to believe that this substance, which, from the analytical figures, appeared 
to be a tri- or tetra-peptide containing thyroxine, represented a true end- 
product of tryptic digestion. It was possible to isolate thyroxine after hydro¬ 
lysis of the niaterial with a mixture of hydrochloric and acetic acids or with 
alkali, but we were unable to effect any hydrolysis by means of active erepsin 
preparations. In solubilities the substance differed markedly from thyroxine. 
Whereas thyroxine is practically insoluble in acid, the digestion product was 
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precipitated from its alkaline solution sharply and completely on adjustment 
of the reaction to 5*0 but only incompletely on addition of excess of acid. 
It was soluble in glacial acetic acid and partly so in 60 % acetic acid, par¬ 
ticularly when hot. It failed to separate on addition of acetic acid to its 
solution in alkaline 80 % alcohol. In 0*1 N sodium carbonate the material 
was moderately soluble, but when a hot concentrated solution was allowed 
to cool slowly a separation of a colourless sodium salt occurred; the latter 
was, however, not crystalline and did not have the characteristic appearance 
of the sodium salt of thyroxine. 

Table I. Course of purification. 


Yields and atomic nitrogen : iodine ratios at various stages. 

After 


Starting 

material 

Peptio 

After trypsin 

After 

acetone-alcohol 

product 

and ether 

baryta 

purification 

A. lodothyreoglobulin 
2*17 g. iodine 

0-95 g. iodine 
N 11 49 

0*2 g. iodine 

N : I 3*4 

— 

— 

B. lodothyreoglobulin 

0-88 g. iodine 

0*34 g. iodine 

0 071 g. iodine 

— 

1*455 g. iodine 

N : 1 57 

N:I 6-3 

N:1 1*8 


C. lodothyreoglobulin 

0*91 g. iodine 

0-30 g. iodine 

0-068 g. iodine 

— 

1*81 g. iodine 

Nil 60 

N : I 5*3 

N: I 2-5 


D. lodothyreoglobulin 

Not analysed 

0*85 g. iodine 

0-42 g. iodine 

0-145 g. iodine 

4*65 g. iodine 


N : 1 4*4 

N: I 1*9 

N : I 1-0 

E. Desiccated thyroid 

1*44 g. iodine 

0-65 g. iodine 

0*4 g. iodine 

N : I 1*0 

0*17 g. iodine 

3-34 g. iodine 

N: I 55 

Nil 4-2 

N : 1 0-8 

F. Desiccated thyroid 

1*78 g. iodine 

1*07 g. iodine 

0-57 g. iodine 

0-25 g. iodine 

3*77 g. iodine 

N : I 76 

N: I 6*0 

N : I 1*3 

N: 1 1*15 

G. lodothyreoglobulin 

4*8 g. iodine 

N: 1 57 

(a) 1*15 g. iodine 

(a) 0-47 g. iodine 

0-32 g. iodine 

11*3 g. iodine 

N : I 5*6 

( b ) 0-78 g. iodine 
N : I 6-5 

N : I 1*9 

(6) 0*31 g. iodine 
N : I 2*8 

Nil 1*1 

H. lodothyreoglobulin 

8*2 g. iodine 

N: I 109 

1*7 g. iodine 

Nil 11*4 

0-9 g, iodine 

(After 2nd 

11*0 g. iodine 

N: 1 2-2 

trypsin) 

(a) 0-22 g. iodine 
N : I 0-98 

( b ) 0-45 g. iodine 
N:I M 

K. lodothyreoglobulin 

No pepsin 

0*2 g. iodine 

0-075 g. iodine 

0-028 g. iodine 

2*06 g. iodine 

N: I 4*3 

N : I 1*3 

N 11 0-6 

L. lodothyreoglobulin 

No pepsin 

2*4 g. iodine 

1-5 g. iodine 

0-63 g. iodine 

12*6 g. iodine 


N: I 41 

N : I 1-0 

N .* I 0-6 


Much time was spent in attempts to separate a pure peptide from this 
digestion product, until the experiments described in detail in the experi¬ 
mental part led to the isolation from it, as the result of simple methods of 
purification, of a small amount of crystalline thyroxine. The character of the 
digestion product was thus revealed in its true light as a mixture of free 
thyroxine with a preponderance of thyroxine still in peptide combination. 

In Table I are given figures for the yields of iodine and for the atomic 
nitrogen : iodine ratios of the thyroxine-containing digestion product at 
various stages of three incomplete and seven complete preparations carried 
out by the method described above. The nitrogen : iodine ratios give a useful 
indication of the extent of digestion at the various stages, and it will be seen 
that, except in preparation H where the early stages of the digestion were 
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peculiarly inefficient, the figures show a remarkable degree of constancy. If 
we multiply these ratios by 4 we obtain the nitrogen : thyroxine ratios, and 
it may then be seen that the product after trypsin and ether treatment has 
the approximate composition of a thyroxine peptide containing 19 other 
amino-acids: after purification with baryta the product gives approximate 
figures for a hepta-peptide, and after the acetone-alcohol purification for a tri¬ 
or tetra-peptide containing thyroxine. All these deductions are naturally 
based on the assumption that no diamino-acids are present; the markedly 
acidic properties of the product indicate that this assumption, for the more 
highly purified material at least, is probably a fair one. 

Table II shows the percentage of iodine in the thyroxine-containing 
digestion product at three significant stages of purification in the various 
preparations. 


Table II. 

Percentage of iodine in thyroxine-containing fraction at various stages of 
digestion and purification. 


Preparation 

After trypsin 
and ether 

After baryta 
purification 

After 

acetone-alcohol 

purification 

A 

15-3 

— 

— 

B 

— 

29*1 

— 

C 

2*2* 

23*5 

— 

D 

150 

32*4 

42*0 

E 

171 

41*7 

47* C> 

F 

12*4 

40*6 

49*8 

G 

(a) 13-8 

(a) 32*0 

43*0 

H 

(b) 11*9 

8*1 

(b) 29*0 

30*2 

(a) 45*31 

K 

15*7 

38*1 

{b) 42*0t 

49*8 

L 

10*2 

43-8 

56*5 


* No ether. f After 2nd tryptic digestion. 

In Table III are recorded the figures for the percentage of iodine and of 
total and amino-nitrogen in the more highly purified fractions of two pre¬ 
parations. The figures to which we wish to call special attention here are those 
in the last column, which represent the ratio of amino-nitrogen to thyroxine 
in the product. The determinations of amino-nitrogen were made by the 
colorimetric method of Folin [1922] on small amounts of material, and no very 
high degree of accuracy is claimed for them; it is, however, sufficiently obvious 
that the ratio approximates to unity ; that is to say, that there is in the product 
one free amino-group for every molecule of thyroxine. Such an analytical 
result is consistent with the supposition that the material is composed ex¬ 
clusively of peptides containing thyroxine, or of thyroxine mixed with 
thyroxine-containing peptides; it could not, however, be obtained from a 
mixture of free thyroxine with peptide material of a different character. As 
collateral evidence in favour of the hypothesis that thyroxine is present in 
the thyroid in actual combination these analyses are therefore of value. More 
direct evidence in this direction is afforded by the fact that on prolonged acid 
hydrolysis of the digestion product, practically the whole of the nitrogen was 
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obtained in the amino-condition. It appears therefore that there is no longer 
any room for doubt that thyroxine does exist in the thyroid gland in peptide 
combination—as a constituent amino-acid, in fact, of the characteristic 
thyroid protein, iodothyreoglobulin. 


Table III. 

Detailed analysis of partly purified digestion products. 


Material 


Iodine 

o/ 

/o 

Tetal nitrogen 

o/ 

/o 

Amino-nitrogen 

0/ 

/o 

Amino-nitrogen 

thyroxine 

Preparation H. After 


302 

7*42 

0-97 

1-2 

baryta purification 

Preparation H. After 

la) 

45-3 

4*92 

1-26 

1-01 

acetone purification 

Ditto 

(b) 

420 

5-2 

1*01 

0*88 

Preparation K. After 


381 

4-8 

1-3 

1*3 

baryta purification 

Preparation K. After 


49*8 

34 

1*34 

0*97 


acetone purification 

The amount of crystalline thyroxine which could be separated from the 
digestion product was very small, and since the digestion product itself, as 
the result of large losses in the course of preparation, represented only a minute 
fraction of the original iodine, it was not possible to obtain more than the 
smallest amounts of thyroxine by this method. Sufficient was, however, 
isolated to permit of satisfactory determinations of optical activity with the 
aid of a Fischer micropolarimeter tube; these determinations indicated that 
the thyroxine was laevorotatory and had in fact a specific rotation of approxi¬ 
mately [u] 5461 — 3-8° as the sodium salt in 60 % alcoholic solution; this figure 
is in close agreement with that obtained for the Z-thyroxine previously pre¬ 
pared [Harington, 1928] by the resolution of dl- 3 : 5-diiodothyronine and 
subsequent iodination of the product. The resolution at that time described 
must therefore be assumed to have been moderately complete, and the sug¬ 
gestion, made on the basis of the relative physiological activity of the two 
enantiomorphs, that Z-thyroxine would prove to be the naturally occurring 
variety, is confirmed. At the same time this result indicates, in view of the 
observations of Gaddum [1930] regarding the relative physiological activity 
of the two enantiomorphs, that no very great discrepancy between the 
activity of thyroid gland and that of thyroxine isolated therefrom by alkaline 
hydrolysis can be accounted for by racemisation alone. 

* This brings us back to the third point of interest of the present work, 
namely the physiological comparison of the digestion product, containing 
thyroxine for the most part still in peptide combination and containing no 
iodine compound other than thyroxine, with free thyroxine itself. This com¬ 
parison was kindly carried out for us by Dr J. H. Gaddum. The substances 
were tested on rats and their effects were compared after administration both 
by the oral and the subcutaneous route. The oral administration of 1 mg* 
per diem for 6 days of pure Z-thyroxine had practically no effect on the oxygen 
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consumption of a rat, whilst an equivalent dose of the digestion product 
(1*3 mg. per diem for 6 days of a preparation containing 50% of iodine) 
produced an increase in the oxygen consumption of 85 %. By the subcu¬ 
taneous route, on the other hand, single doses of 1 mg. of Z-thyroxine and 1*3 mg. 
of the digestion product caused increases in the oxygen consumption of 
32*5 % and 37-5 % respectively; that is to say, in this case the physiological 
difference between the two substances was very much less marked. 

This experiment appears to us to afford an admirable demonstration of 
the causes which have led various workers to form what we believe to be a 
false conclusion, namely that the physiological activity of the thyroid gland 
cannot be entirely accounted for by the thyroxine which it contains. It is 
indeed quite unjustifiable to deduce any such discrepancy from an apparent 
difference between the effects of thyroxine and thyroid gland when given by 
mouth or otherwise. The physical properties of thyroxine are such as to make 
it highly probable that the absorption of this substance after oral adminis¬ 
tration would be inefficient and erratic ; the digestion product, on the other 
hand, possessing as it does a much wider range of solubility, might well be 
absorbed almost quantitatively; such a state of affairs is precisely what is 
indicated by the first part of the experiment of Dr Gaddum which has just 
been described. For a similar reason it is equally unjustifiable to attempt to 
make a comparison between the effect of thyroxine and that of thyroid gland 
or iodothyreoglobulin when both are injected subcutaneously. In view of 
the slowness with which the physiological effect of thyroxine develops, it is 
almost a foregone conclusion that after an injection of a massive dose of the 
substance a portion will be lost by excretion before it has time to exercise its 
action on the organism. On the other hand, it is know'n that the processes 
involving the removal of a foreign protein from the body after its subcu¬ 
taneous injection may take a number of days; after the subcutaneous in¬ 
jection of iodothyreoglobulin therefore we should anticipate a more or less 
prolonged period during which the active principle of the protein would be 
slowly liberated, thus attaining a therapeutic efficiency greatly in advance 
of that achieved by injection of a single equivalent dose of free thyroxine. 
In the last sentence we have used the term “active principle” of the iodo¬ 
thyreoglobulin rather than thyroxine because it appears to us to be probable 
that the actual substance which the thyroid secretes into the blood may not 
be free thyroxine but a relatively simple peptide containing this compound— 
a substance in fact analogous to our final digestion product. This conclusion 
is supported by the results of recent experiments of Dr Reid Hunt in Boston 
in which a sample of the digestion product containing approximately 50 % 
of iodine, from which as much free thyroxine as possible had already been 
separated, has shown itself to be certainly 250 and possibly even 500 times as 
active as U.S.P. standardised desiccated thyroid, both substances being ad¬ 
ministered orally. The digestion product when administered intravenously was 
approximately as active as when given by mouth. These results were obtained 
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in mice by the acetonitrile method. Dr J. H. Means of Boston has also studied 
the calorigenic action of this digestion product when given by mouth to 
patients with a sub-normal basal metabolic rate; although his controls, which 
consist in observing the effect of U.S.P. standardised thyroid in the same 
patients, have not yet been completed, it is already apparent that the digestion 
product is fully as effective as an equivalent dose of thyroid and very likely 
more so. The U.S.P. standardised thyroid contains about 0-2 % of iodine, 
so that the results which have just been quoted mean that, in order to produce 
a given physiological effect, at least as much and probably more iodine must 
be given in the form of thyroid than in the form of the digestion product 
which contains no iodine compound other than thyroxine. This is precisely 
what our recently acquired knowledge of the chemistry of the thyroid would 
lead us to expect. There remains, therefore, in our opinion no reason whatever 
to presume the existence in the thyroid gland of an active principle other 
than thyroxine, or that the thyroxine in the thyroid exists in an “activated” 
form except in so far as owing to its optical activity and possibly also to 
the fact that it is in peptide combination, it can produce an effect greater 
than that of the free racemic compound. Indeed, taking into account the 
errors of the physiological method and the essential difficulties of obtaining 
a therapeutic comparison to which we have called attention, it is a matter 
for surprise that even an approximate parallelism can be observed between 
the action of thyroid gland or iodothyreoglobulin or an equivalent amount 
of free Z-thyroxine. 

Experimental. 

A. Action of trypsin on diiodotyrosine. 

These experiments were undertaken to test the statements of Oswald 
regarding the hydrolysis of the iodine of diiodotyrosine by trypsin, and to 
obtain an indication of the extent to which this reaction was likely to prove 
a serious obstacle in the way of the isolation of thyroxine by enzymic action. 

A solution of diiodotyrosine (prepared from Z-tyrosine) containing 0*5 mg. 
of iodine per cc. was buffered with phosphate and adjusted to p R 8*0; 100 cc. 
samples of this solution were treated with active preparations of trypsin (two 
commercial samples and one fresh pancreatic extract), toluene being added 
to inhibit bacterial action, and were placed in an incubator at 40°. Portions 
of the solutions were withdrawn at intervals and analysed as follows: cold 
boiled-out nitric acid and silver nitrate were added, and, after 15 minutes, 
the solution was filtered through asbestos; the filtrate and washings were 
freed from silver by addition of hydrochloric acid; after removal of silver 
chloride the solution was made alkaline, evaporated, and analysed for iodine 
by the method of Kendall [1914]; the figure obtained was taken to represent 
the iodine remaining in organic combination, any iodide which had been formed 
having been removed by the preliminary treatment with silver nitrate and 
nitric acid. 
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Results of analyses carried out in this manner indicated no significant 
alteration in the organic iodine after 1, 2 and 3 weeks’ digestion respectively. 
The solutions were then left undisturbed for 5 months and again analysed. 
The organic iodine was now found to be diminished to about 80 % of the total 
iodine, but this diminution was just as marked in the control solution, to 
which no enzyme had been added, as in those containing active trypsin. It 
was evident, therefore, that no liberation of iodine as iodide could be ascribed 
to the action of the trypsin as such. In the effort to account for the dis¬ 
crepancy between our results and those of Oswald, we studied the conditions 
of the analysis more closely, and found, in fact, that increase either in the 
amount of nitric acid employed (even though the latter were freshly boiled 
out) or in the length of time allowed for the precipitation in presence of nitric 
acid, caused an apparent diminution in the proportion of organic iodine. It is 
known that the iodine of diiodotyrosine is removed with extreme ease when 
the compound is warmed with silver nitrate and nitric acid; there is little 
doubt in our minds but that this reaction takes place also to some extent in 
the cold, and that an error of this type accounts at least in part for the results 
obtained by Oswald. There exists the further possibility that the enzyme 
preparations employed by him contained oxidases which were absent in our 
experiments, and which may have brought about some destruction of the 
diiodotyrosine. 

B. Enzymic hydrolysis of thyroid gland . 

The early stages of the digestion (leading to the material containing about 
15 % of iodine) were carried out by a variety of methods, of which typical 
examples are described. 

(a) Successive action of pepsin and trypsin on iodothyreoglobulin . Frozen 
thyroid gland (5400 g.) was passed rapidly through a mincer and suspended 
in 5400 cc. of 0*02 % sodium hydroxide containing 1 % of sodium chloride; 
the suspension was shaken for 3 hours and allowed to stand overnight; it was 
then strained through butter-muslin and the solid residue was submitted to 
a second similar extraction. The combined reddish-coloured extracts were 
chilled and as much fat as possible was removed mechanically. The solution 
was adjusted to 5*0, treated with sodium sulphate to make 1 % concen¬ 
tration of the latter, and raised rapidly to boiling-point by introduction of a 
vigorous current of steam with simultaneous external heating. The coagulum 
of crude iodothyreoglobulin, which contained about 97 % of the total iodine 
of the extract, was filtered off hot through large Buchner funnels, and the 
cheesy cakes of material so obtained were suspended in 10 litres of water 
containing 0*5 % of an active pepsin preparation and sufficient concentrated 
hydrochloric acid (in this case 240 cc.) to bring the reaction of the solution 
to jDjj 1*6. The mixture was transferred to large bottles which were placed 
in an incubator at 40°, the contents being frequently shaken during the early 
stages of the digestion. After 48 hours fresh pepsin (the same amount as 
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originally employed) was added, the reaction being adjusted to p u 1*6 by 
the further addition of hydrochloric acid if necessary* After a further 48 hours 
the solution was diluted with an equal volume of water and the reaction was 
adjusted by the cautious addition of sodium hydroxide, vigorous mechanical 
stirring being employed to obtain efficient admixture; at p H 5-0 a sharp 
flocculation was obtained. After standing for a few hours the mixture was 
poured on to large pleated filters and allowed to drain; filtration was slow 
and no pretence at efficient washing could be made. The bulky greasy preci¬ 
pitate, containing about 1 % of iodine reckoned on the dry weight and about 
40 % of the total iodine of the iodothyreoglobulin, was scraped off the filters 
and suspended in water (2370 cc.); sodium hydroxide was added until the 
reaction was p R 8*0 and the greater part of the material had passed into 
solution; 0-2 % of an active preparation of trypsin was then added and the 
material was transferred to the incubator. The reaction was readjusted to 
Tn 8*0 twice daily by addition of the necessary amount of sodium hydroxide; 
daily determinations of the amino-nitrogen concentration were made by the 
Van Slyke method. After 72 hours a second addition of 0-2 % of trypsin was 
made. At the end of 96 hours from the beginning of the digestion, the rate 
of increase of the amino-nitrogen (which had by this time reached about 50 % 
of the total nitrogen) had become very low; as we were anxious so far as 
possible to avoid the chance of loss of iodine, the digestion was interrupted 
at this stage by bringing the solution to p R 5*0 by the addition of hydrochloric 
acid. The precipitate was again filtered off on pleated filters and washed as 
well as possible with water; it was then extracted three times in succession 
with 70 % acetone to which was added enough hydrochloric acid to keep the 
reaction about p R 1*6; the bulky insoluble matter was filtered off and the 
filtrates were immediately brought back to p R 5*0 with sodium hydroxide. 
The acetone was then removed by distillation, diminished pressure being used 
in the last stages. The residual aqueous liquid contained a dark-coloured pre¬ 
cipitate of somewhat oily consistency; on addition of sodium hydroxide all 
passed into solution, and the alkaline liquor was transferred to a beaker and 
covered with a layer of ether. While the two layers were kept thoroughly 
mixed by vigorous mechanical stirring, hydrochloric acid was cautiously 
added until the p R was again 5-0; the mixture was allowed to stand, when it 
separated into a brown aqueous layer and an almost black ethereal layer with 
a dark precipitate at the interface; the latter was filtered off and washed 
with ether, when it amounted to 5*66 g. of a dark brown powder containing 
15*0 % of iodine and 7*28 % of nitrogen. 

(b) Successive action of pepsin and trypsin on alkaline sodium chloride 
extract of thyroid gland . In some experiments the isolation of the crude 
iodothyreoglobulin by heat coagulation was omitted, and the solution obtained 
by extraction of the gland material with 0*02 % sodium hydroxide containing 
1 % sodium chloride, after freeing as far as possible from fat, was adjusted 
to p n 1*6 by addition of hydrochloric acid and submitted directly to peptic 
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digestion, followed by the treatment described above. In one such experi¬ 
ment, 9-5 kg. of frozen thyroid gave 16 g. of material containing 13% of 
iodine and 8*5 % of nitrogen. 

(c) Successive action of pepsin and trypsin on desiccated thyroid gland. 
Desiccated and finely powdered thyroid gland (725 g.), which had been de¬ 
fatted with light petroleum, was suspended in 7600 cc. of water to which had 
been added 0-5% of pepsin and 155 cc. of concentrated hydrochloric acid; 
the pepsin was renewed after 36 hours and the digestion was arrested at the 
end of 72 hours; the reaction of the solution was brought to p n 5-0 and the 
resulting precipitate was submitted to tryptic digestion and worked up as 
described above; there was obtained 3*8 g. of material containing 17*1 % of 
iodine and 8-0 % of nitrogen. 

(d) Action of trypsin only on alkaline sodium chloride extract of thyroid 
gland. The extract obtained in the usual manner from 7840 g. of frozen thyroid 
was submitted directly to digestion with 0*2 % of trypsin, toluene being added 
to inhibit bacterial action; the trypsin was renewed after 48 hours, the reaction 
being maintained at p u 8*5 by periodic additions of sodium hydroxide and 
at the end of 76 hours the solution was brought to p n 5*0; the precipitate 
was then extracted with 70 % acid acetone and the extracted material re¬ 
precipitated in presence of ether as already described; there was obtained a 
precipitate, a sample of which showed an iodine content of 8*3 % and nitrogen 
7*8 %; this was subjected to a second similar tryptic digestion, the volume 
being at first 1200ec. and being raised after 24 hours to 2200 cc.; after the 
second addition of trypsin the p H of this digest, which had fallen spontaneously 
to 7*6, was allowed to remain at this figure for a day, with the intention of 
favouring the action of any dipeptidase which might be present in the enzyme 
preparation; the p n was then raised to 8*0 again at which it remained un¬ 
changed despite the further addition of trypsin; after a total digestion period 
of 84 hours the material was again precipitated at p H 5*0, and now con¬ 
tained 10*2 % of iodine and 4*7 % of nitrogen. As might be expected the 
ethereal layer in all the above-described experiments, being heavily loaded 
with lipoidal substances, carried a certain amount of iodine-containing material 
into solution; a large proportion of this separated out on keeping the solution. 
Thus in one experiment the ethereal layer contained, immediately after 
separation, 130 mg. of iodine; three weeks later a further precipitate had 
separated and the iodine content of the solution was 74 mg.; still more 
material continued to separate after this. 

The digestion product obtained by any of the methods described above 
formed a dark brown or almost black powder which w r as readily soluble in 
alkali and much less so in acid; it had a well defined point of maximum 
flocculation at p B 5-0; it contained usually 12—17 % of iodine and 5 8 % of 
nitrogen; that is to say, it had approximately four atoms of nitrogen for every 
one atom of iodine, or 16 nitrogen atoms for every molecule of thyroxine. 

The next stage in the purification of the product was the removal of the 
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pigmented impurities of relatively high molecular weight by making use of 
the insolubility of their barium salts. The conditions for this experiment were 
selected with a view to attainment of the maximum salting-out effect of the 
barium ions consistent with the exclusion of the possibility of hydrolysis. 
With this object the concentration of barium hydroxide was not raised above 
5 % and the time of exposure even to this small concentration was cut down 
to a minimum. An example of the procedure may be given as follows. 
A sample of the tryptic digestion product containing 14 % of iodine and 
8-5 % of nitrogen, and representing in all 1160 mg. of iodine, was dissolved 
in 1200cc. of water with the aid of the minimum quantity of ammonia; the 
solution was brought to the boil and treated with 60 g. of crystalline barium 
hydroxide dissolved in 120 cc. of hot water; boiling was continued for 
2 minutes, and the heavy precipitate was filtered off. Filtration was rapid, 
and the filtrate, whilst still hot, was acidified with concentrated hydrochloric 
acid; addition of excess of the latter caused partial re-solution of the preci¬ 
pitate; the reaction was therefore brought back to p u 5*0 by the addition of 
sodium acetate. After standing for 48 hours at the ordinary temperature the 
precipitate was filtered off and dried. It contained 468 mg. of iodine at a 
concentration of 32 % and the nitrogen content was 6*3 %, corresponding to 
a ratio of 1*86 atoms of nitrogen to 1 atom of iodine. Although therefore the 
loss of iodine at this stage was heavy, the improvement in the quality of the 
product far outweighed this disadvantage. The product at this stage was a 
buff-coloured powder which gave the nitrous acid reaction for thyroxine with 
intensity. It was easily soluble in alkali, but insoluble in water at p n 5-0 
and only partly soluble at more acid reactions. When it was dissolved in 
80 % alcohol with the aid of sodium hydroxide and when the solution was 
acidified with acetic acid no separation took place; acetone was added to 
such a solution in the hope of inducing the separation of any free thyroxine 
which might be present, and it was found that this treatment produced a 
precipitate of gummy material which contained relatively little iodine and 
much nitrogen. This observation led to the development of the next stage in 
the purification. Thus in one experiment 1-48 g. of material resulting from a 
treatment with barium hydroxide as already described, containing 40*7 % 
of iodine and 6*0 % of nitrogen (nitrogen : iodine = 1-34), was dissolved 
in 10 cc. of N sodium hydroxide and the solution was then made 80 % with 
respect to alcohol; a small precipitate was removed by centrifuging and the 
mother liquor was acidified by the addition of 4*5 cc. of 33 % acetic acid; 
4 volumes of acetone were then added and the solution was rapidly centri¬ 
fuged ; the combined clear and light yellow mother liquor was diluted with 
1500 cc, of water. Within a few minutes the opalescent solution began to 
deposit a light flocculent precipitate which gradually increased in amount. 
After 24 hours this was filtered off and amounted to 0*46 g. of material con¬ 
taining 49-8 % of iotline and 6*3 % of nitrogen; the nitrogen : iodine ratio 
was therefore 1*15 and the nitrogen : thyroxine ratio 4-6. After standing for 
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3 days longer a further crop of 71 mg. of material containing 46 % of iodine 
separated. 

The fact that the product at this stage still exhibited marked differences 
in solubility from thyroxine, although, judging by the iodine content, it con¬ 
tained over 75 % of the latter, led us for a long time to suppose that we were 
dealing with a somewhat impure compound of thyroxine (probably a tri¬ 
peptide) rather than with a mixture of free thyroxine with impurities; we 
were supported in this view bv the constancy with which we arrived at a 
closely similar end-product in spite of the complexity of the preceding mani¬ 
pulation. Finding ourselves unable to achieve any further hydrolysis either 
by the aid of animal erepsin preparations of proved activity or with the help 
of yeast peptidases, we had recourse to acid hydrolysis of this product and 
also of material at an earlier stage of purification in the attempt to isolate 
thyroxine. We were in fact successful in obtaining thyroxine by hydrolysis 
with a mixture of hydrochloric and acetic acids at 100°, and we were able to 
show that during this process the whole of the nitrogen was converted into 
the amino-condition. Nevertheless the losses involved by the liberation of 
iodine were severe and, as will be shown later, the thyroxine obtained by this 
method was partly raeemised. 

Much effort was then expended in the attempt to obtain our supposed 
tripeptide in a pure condition, and it was during these experiments that we 
stumbled on the true explanation of the situation, namely that the purified diges¬ 
tion product consisted of a mixture of free thyroxine with thyroxine peptides. 

The substance approximated more closely than the earlier products to 
thyroxine in that it had almost completely lost its solubility in excess of 
mineral acid. It still failed to separate, however, when acetic acid was added 
to its solution in alkaline 80 % alcohol. It was soluble in glacial acetic acid 
from which it could be precipitated with ether, without, however, effecting 
any significant purification; in 50 % acetic acid it could be dissolved by boiling 
and a part separated on cooling; on some occasions this less soluble portion 
seemed to show signs of commencing crystallisation, but a second separation 
from acetic acid failed to improve it to any significant extent, although 
fractions could be obtained in this manner which showed a somewhat higher 
iodine : nitrogen ratio. It was then decided to try and utilise the low degree 
of solubility of the product in cold 0*1 N sodium carbonate. This property, 
which has been found to be a general characteristic of the acidic compounds 
of the thyroxine series, appeared in the substance under discussion for the 
first time among the various products of digestion of the thyroid, the thyroxine- 
containing fraction at all earlier stages showing no tendency to separate from 
a concentrated solution in sodium carbonate. Very concentrated solutions of 
the material containing 45-50 % of iodine could be prepared in boiling 0*1 N 
sodium carbonate, and if such solutions were rapidly cooled they not infre¬ 
quently formed stiff gels. By slow cooling, however, the separation of a 
sodium salt could be induced, and although the concentrated solution was 
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rather dark in colour, the sodium salt, whilst not yet crystalline, was almost 
colourless. Moreover the material recovered after separation of the sodium 
salt on the centrifuge, and acidification of its solution in hot water, was 
definitely less soluble in acetic acid. A second separation from sodium car¬ 
bonate at this stage involved heavy loss of material without corresponding 
improvement in quality; we therefore made use of the fact, which we had 
observed, that the substance could be precipitated from its solution in pyridine 
by dilution with water. A fairly concentrated solution in pyridine was pre¬ 
pared, and was diluted with boiling w r ater to permanent turbidity; on cooling, 
a precipitate separated which showed a tendency to adhere to the walls of 
the tube where the latter w r as scratched with a glass rod, and which, under the 
high power of the microscope, show f ed commencing crystallisation; this material 
was separated on the centrifuge and dissolved in boiling 0-1 N potassium 
carbonate; the white precipitate w^hich separated when the solution w r as kept 
for some hours at 0° was decomposed with acetic acid, and the product, after 
being washed with water on the centrifuge, was again dissolved in boiling 
dilute sodium carbonate solution; this time, as the solution cooled, precipi¬ 
tation of a heavy white microcrystalline substance occurred, w r hich had the 
characteristic appearance of the mono-sodium salt of thyroxine. This salt 
was separated on the centrifuge, and dissolved in 80 % alcohol with the aid 
of sodium hydroxide; the boiling solution was acidified wfith 33 % acetic acid 
when rapid separation of typical crystals of thyroxine occurred. 

The thyroxine so obtained melted at 235° with decomposition; this melting 
point was not changed by admixture w r ith synthetic /-thyroxine which also 
melted at 235°. A mixture of synthetic d - and /-thyroxine sintered at 228° 
and melted at 231-232°. 

The amount of thyroxine isolated from the digestion product w r as so small 
as to necessitate the use of a Fischer micropolarimeter tube for the deter¬ 
mination of its specific rotation. A tube manufactured by Messrs Schmidt 
and Hantzsch was employed and considerable care was taken, by preliminary 
experimentation with known substances, to acquire a reliable technique. No 
difficulty was experienced in obtaining consistent readings, although there 
was a constant small difference between the readings of two observers. In 
order so far as possible to control this source of variation, determinations 
were made by the two observers on synthetic /-thyroxine as well as on the 
product obtained from the thyroid, the thyroxine in both cases being dissolved 
at approximately 5 % concentration in a mixture of 2 volumes of alcohol and 
1 volume of N sodium hydroxide. The results are given in Table IV, from 
which it will be seen that, within the limits of error of the experiment, no 
difference could be detected between the synthetic and natural product; 
moreover, the mean of the four determinations is in close agreement with the 
value previously obtained, using a large polarimeter tube, for the synthetic 
/-thyroxine, viz. - 3*5°* [Harington, 1928]. 

1 Of. note to Table IV. 
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Table IV. 

Natural thyroxine (c~ 4-4) Synthetic Mhyroxine (c-4-45) 
Observer Mm«, L“1 6 4«i 

C.H.H. -445° -4-5° (-3-5°)* 

W.T.8. -3-2° -315° 

Mean -3-8° -3-8° 

* The results previously recorded [Harington, 1928J, for the specific rotations of d- and 
{•thyroxine were erroneously calculated on the concentration by weight instead of by volume. 
The figure given here in brackets represents the earlier value corrected for the specific gravity 1 
of the solution in order to make it comparable with the present results. 

Isolation of thyroxine by acid hydrolysis of digestion product. 

Before we lmd realised the possibility of separating free thyroxine from the 
digestion product by ordinary methods of purification, we attempted to obtain 
optically active thyroxine by acid hydrolysis. The material was dissolved in 
90 % acetic acid which was saturated with hydrogen chloride at 0°, and the 
mixture was heated on the steam-bath in a sealed tube for G hours. The 
solution was evaporated to dryness under diminished pressure and the residue 
was dissolved in GO % alcohol with the aid of a little hydrochloric acid. 
Sodium hydroxide solution was added to bring the reaction to p n 5-0, and, 
after standing overnight, the precipitate was filtered off, washed with water, 
and dissolved in the minimum amount of boiling 0*5 % sodium carbonate. 
The sodium salt of thyroxine, which separated on cooling, was converted into 
the free amino-acid in the usual manner. The thyroxine so obtained had 
[«] 54 , u -- 1*3° ( c ~ 4*88 in GO % alcohol containing sodium hydroxide); con¬ 
siderable racemisation had therefore taken place. The hydrolysis was accom¬ 
panied with some decomposition, free iodine being present at the end of the 
reaction and the yield of thyroxine was therefore poor. In the solution left 
after separation of the thyroxine, GG % of the nitrogen was in the amino- 
condition; after further hydrolysis the proportion of amino-nitrogen was 
increased to 84 % of the total; there seems therefore no reason to doubt the 
peptide nature of the digestion product. 
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The sulphur-containing peptide glutathione was first isolated by Hopkins 
[1921] in a non-crystalline form. He showed that it contained cysteine and 
glutamic acid, and the analytical figaires seemed to indicate that it was a 
dipeptide containing those two amino-acids alone. Like cysteine itself, the 
substance in neutral aqueous solution rapidly absorbed oxygen, becoming 
converted into the oxidised or disulphide form. Hopkins showed that this 
disulphide form was rapidly reduced back to the sulphydryl form by animal 
tissues, so that it seemed clear that part of the oxygen normally absorbed by 
the respiring tissues was being utilised by the glutathione system. 

While the nature of the tissue systems which reduce the disulphide group is 
not yet clear, the reduction is due in part, as Hopkins and Dixon [1922] 
showed, to factors which are not destroyed by heating the tissue to 100°. If 
for instance fresh muscle was minced, thoroughly extracted with water, heated 
to 100° and finally extracted with alcohol, it was found that the resulting 
“thermostable preparation” was still able vigorously to reduce oxidised 
glutathione. An aqueous suspension of such a preparation was unable to 
absorb oxygen, but on the addition of a littlu disulphide-glutathione (which of 
course takes up no oxygen by itself) an oxygen uptake was at once established. 
It was shown that the reduction of the disulphide gToup w r as due to “fixed 
—SH groups,” i.e. sulphydryl groups, apparently forming part of the protein 
structure, which were not soluble in water and which were unable to react 
directly with oxygen (or methylene blue). These groups became oxidised by 
reducing the added disulphide, and the reduced glutathione formed then 
reacted with the oxygen. 

The work of Warburg and Sakuma [1923] showed that the apparent autoxi- 
dation of cysteine was in fact due to small traces of catalytic metals (iron or 
copper) present as impurities. They showed that absolutely metal-free cysteine 
solutions absorbed oxygen only at * negligible rate, that the addition of a trace 
of ferrous salt to cysteine enormously accelerated its oxidation, and that its 
oxygen uptake was abolished by adding a little HCN, which inactivated the 
metals. These observations were confirmed and extended to glutathione by 
Harrison [1924], who showed that haematin compounds were also catalytically 

1 A brief account of some of the main points of this work was communicated to Nature, Oot. 5. 
1929. 
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active. These facts did not, however, seriously affect the position as far as the 
biological action of glutathione was concerned, as in any case the tissues 
contained the iron necessary to make the glutathione autoxidisable. 

The “thermostable system” was later studied in greater detail by Hopkins 
[1925], who showed that the total amount of disulphide which could be reduced 
per gram of tissue preparation was equivalent to the fixed —SH groups therein, 
as also was the total amount of methylene blue reduced by the tissue in 
presence of a little oxidised glutathione. The amount of oxygen taken up bv 
the system was, however, much larger, amounting to several times the equi¬ 
valent of the —SH groups originally present. The “xtra oxygen thus taken up 
was in fact utilised by the system for oxidation of the proteins present. The 
mechanism of this protein oxidation is not yet clear, but it appeared to be 
linked in some way with the oxidation of the sulphvdryl group of glutathione, 
and it was thus dependent ultimately upon the fixed —SH groups, which 
maintained the glutathione in its reduced form. When these became exhausted 
all oxygen uptake ceased. Other proteins containing —SH groups (e.g. 
denatured egg-albumin) were also oxidised by glutathione, but proteins with 
no —SH groups (e.g. natural egg-albumin) were not. 

Hopkins also showed that the sulphvdryl form of glutathione (though not 
its disulphide form) strongly catalysed the autoxidation of unsaturated fats 
and fatty acids, particularly in acid solution. The phenomena observed were 
complex [Hopkins, 1925; Allott, 1927], and the mechanism of the catalysis 
is still unknown. It is clear, however, that the process is of a different nature 
from those described above, since the oxidation was shown not to depend upon 
the oxidation of the reduced glutathione, and indeed to occur equally well 
under conditions where glutathione is not autoxidisable. The system did not 
reduce methylene blue. 

At this time glutathione was still thought to be a dipeptide of cysteine and 
glutamic acid. Later, how r ever, Hunter and Eagles [1927] threw some doubt 
on this structure, and suggested that serine might also be a constituent of the 
molecule. Johnson and Voegtlin [1927] later published an apparent con¬ 
firmation of the original view of Hopkins, who, however, reinvestigated the 
matter, and succeeded [Hopkins, 1929] in finding an elegant method for the 
ready isolation of glutathione in the pure crystalline state. He then found that 
the substance was a tripeptide containing cysteine, glycine and glutamic acid 
in equivalent amounts. Shortly afterwards Kendall, McKenzie and Mason 
[1929], working quite independently, also succeeded in obtaining crystalline 
glutathione, and showing that it was a tripeptide composed of those amino- 
acids. 

This work showed that the earlier preparations of glutathione, with which 
all the work on oxidation catalysis had been carried out, were in fact impure, 
although they undoubtedly contained a large proportion of the tripeptide. The 
analytical figures make it probable that they contained free cysteine in ad¬ 
dition. In view of these facts it was necessary that previous work on the 
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catalysis of oxidations by glutathione should be reinvestigated with the pure 
crystalline material. The results of such an investigation are given in the 
present paper. It was soon evident that in several respects the behaviour of 
crystalline glutathione is very different from that of the earlier preparations, 
and the study of these differences has yielded results which we believe will be 
of importance in the elucidation of the glutathione problem. 

Experimental. 

The oxygen uptakes were measured in Barcroft manometers as modified 
by Dixon and Elliott (private communication). The total volume of liquid 
in each flask was always 3 cc. Any C0 2 formed was absorbed by KOH solution. 
Metal-free water and buffer solutions were used throughout, and the vessels were 
carefully freed from metals with acid and washed with pure water before use. 

The crystalline glutathione was made from yeast by the method of Hop¬ 
kins [1929]. Nitrogen and sulphur determinations corresponded excellently 
with the theoretical values for the tripeptide formula. Several different 
preparations were used, and all behaved in the same way. 

The (lipin-free) thermostable tissue preparations were made by the method 
of Hopkins [1925]. 

Oxygen uptake of glutathione in aqueous solution. 

The crystalline glutathione, like the older preparations, absorbs oxygen 
when shaken in air in phosphate buffer or water at p H 7*6. The total amount 
of oxygen taken up corresponds with that calculated on the basis of the 
equation 

4GSTI + 0 2 = 2GSSG 4- 2H 2 0. 

For example, in eight consistent determinations of total oxygen uptake under 
these conditions the mean value found was 99 % of the theoretical. The rate 
of absorption of oxygen at p n 7*6 and 20° is about 30 mm. 3 per 5 mg. gluta¬ 
thione per hour. This is definitely lower than that of most of the older pre¬ 
parations, and varies much less from one preparation to another than was the 
case with them. 

Its oxidation is strongly inhibited by ilf/1000 cyanide, and completely 
prevented by M/100 KCN. The oxidation is therefore presumably due to the 
presence of traces of catalytic metals, as in the case of cysteine. 

Th6re is, however, one respect in which crystalline glutathione differs com¬ 
pletely in behaviour from cysteine (and from the earlier preparations of gluta¬ 
thione). Whereas the addition of a trace of iron or copper salt greatly accelerates 
the uptake of oxygen by cysteine or impure glutathione, the oxidation of 
crystalline glutathione is not accelerated at all by the addition of iron or copper 
at 7-6, or by haematin in low concentration. Therefore the catalytic metal 
cannot be the limiting factor in the oxidation of the new tripeptide prepara¬ 
tions. In Fig. 1 is shown the effect on the oxidation of old and new glutathione 
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preparations of adding 0*001 mg. of iron. It will be seen that, whereas the rate 
of oxygen uptake in the first 20 minutes has been doubled by the metal in the 
case of the impure glutathione, that of the crystalline preparation is quite un¬ 
affected. The addition of this amount of iron to cysteine would, according to 
Warburg and Sakuma’s [1923] figures, produce an additional uptake of roughly 
100 mm. 3 0 2 per hour, which is of the same order as the effect with the impure 
glutathione. 

The absence of any accelerating effect with pure glutathione is the more 
remarkable in that quite large amounts of iron can be added without producing 
the slightest acceleration: the oxidation still proceeds at its original slow rate 
under conditions where the velocity of oxygen uptake by cysteine or impure 
glutathione becomes relatively enormous. 



Fig. 1. Fig. 2. 

Fig. 1. Effect of iron on autoxidation of impure and crystalline glutathione. A , 5 mg. old gluta¬ 
thione +0-001 mg. Fe; if, mg. old glutathione; (\ 5 mg. crystalline glutathione +0-001 mg. 
Fe; D, 5 mg. crystalline glutathione. All in 3 ce, phosphate buffer p u 7-6 at 18°. 

Fig. 2. Effect of haeinatin on autoxidation of impure and crystalline glutathione. A, 10 mg. 
crystalline glutathione; if, 10 mg. crystalline glutathione +0-05 mg. haematin; (\ 10 mg. old 
glutathione, i), 10 mg. old glutathione+0-05 mg. haematin. All in 3 cc. phosphate buffer 
7*6 at 40°. The sample of impure glutathione was different from that used for Fig. 1. 

The behaviour with haematin is also interesting. Small concentrations of 
haematin behave like free iron, having no effect on the velocity of oxidation 
of the crystalline glutathione, but accelerating that of the impure preparations, 
as shown in Fig. 2. 

With larger amounts of haematin, however, a definite acceleration is pro¬ 
duced (as shown later in Fig. 13), although the catalytic activity is still small 
compared with that observed with cysteine. It is not yet quite clear how these 
results are to be interpreted. 
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A further point of difference between the crystalline and impure glutathione 
is that while the latter reduces haematin at a moderate rate, pure glutathione 
is unable to do so. In two Thunberg tubes were placed 5 cc. phosphate buffer 
(p H 7*6) containing 0*1 mg. haematin and 5 mg. pure and impure glutathione 
respectively. The tubes were then evacuated and allowed to stand at room 
temperature. After 10 minutes the tube containing the impure glutathione 
was opened and examined with the spectroscope after the addition of pyridine. 
Strong absorption bands of pyridine-haemochromogen were observed, in¬ 
dicating that reduction of the haematin had taken place. After 30 minutes 
the other tube was examined in the same way, but no trace of liaemochromogen 
could be detected, showing that the pure glutathione had been quite unable to 
reduce the haematin. 

It is clear from the results previously given that although the oxidation 
of glutathione is due to catalysis by metals (and further evidence for this is 
given below) the slowness of the oxidation of the crystalline preparations is 
not due to any lack of catalytic metals, and the rate of oxidation must be 
determined by some other factor. The facts seem most readily explained by 
the assumption that the active catalyst is not the metal itself, but a complex 
of the metal with some other substance present in traces in the glutathione. 
The free metal ions are clearly catalytically inactive in the oxidation of gluta¬ 
thione, and they are unable to form active complexes with the glutathione 
itself. (In most other iron-catalysed reactions it is generally supposed that the 
catalyst is an iron complex, and not free iron; for instance in the oxidation of 
cysteine the catalyst is a complex of iron with cysteine itself.) The oxidation 
then would depend on the co-operation of two factors—the metal, and the 
complex-forming substance. On this assumption, which was fully justified by 
later work, the slow rate of oxidation of the crystalline preparations is due to 
the very small amount of the complex-forming factor present in these pre¬ 
parations—even smaller than the amount of catalytic metals. This is therefore 
the limiting factor in this case, and the addition of further amounts of metals 
will have no effect on the velocity. With the impure glutathione preparations, 
on the other hand, where the extra substance is present in very much larger 
amount, the amount of metal will probably be small in comparison, and will 
become the limiting factor. In this case any extra metal added will be con¬ 
verted into the active complex, and the velocity will be increased. 

In order to test this hypothesis we attempted to free glutathione from the 
catalytic impurity by recrystallisation. A sample of crystalline glutathione 
was recrystallised several times from water; and after this treatment it was 
found that the rate of oxygen uptake had fallen to a little over half that of the 
original preparation. (No oxidation of the glutathione had taken place during 
the recrystallisation, as the p n was of course acid throughout, and it was 
carried out in evacuated vessels.) As metal-free water and vessels had been 
used in the recrystallisation it seemed possible at first that the diminished, 
velocity was due to a diminution of the iron-content. The addition of iron to 
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the solution had, however, no effect on the velocity, as shown in Fig. 3, so that 
the effect was clearly not due to the removal of iron. This experiment, while 
affording evidence of the removal of some factor (other than iron) upon which 
the reaction depends, showed that recrystallisation was not a satisfactory 
method for its removal. 

Experiments were also carried out to determine whether the substance 
could be removed by adsorption methods. In preliminary experiments we 
found that, although substances such as cellulose or kieselguhr have no effect 
on the oxidation, the addition of kaolin to a solution of crystalline glutathione 
completely abolishes the oxygen uptake. This effect is, however, merely due 
to the removal of metals by adsorption on the kaolin, since the addition of 
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Minutes Minutes 

Fig. 3. Fig. 4. 

Fig. 3. Effect of recrystallisation. A , 3-5 mg. crystalline glutathione; B, 3*5 mg. recrystallised 
glutathione. In phosphate buffer at 20°. 0-0005 mg. iron added to B at arrow. 

Fig. 4. Removal of iron by kaolin. A, 5 mg. crystalline glutathione; B, 5 mg. crystalline gluta¬ 
thione+0-1 g. kieselguhr; C, 5 mg. crystalline glutathione+0-1 g. filter paper; />, 5 mg. 
crystalline glutathione +0-1 g. kaolin at 21°. 0-002 mg. Fe (as FeS0 4 ) added to 1) at first 
arrow. 0*1 g. more kaolin added at second arrow. 


iron to the filtrate restores the rate of oxygen uptake to precisely its original 
value. From the experiment shown in Fig. 4, it can be seen that the reaction 
is catalysed by iron, that the added iron is removed by kaolin, and that kaolin 
inactivates the glutathione merely by adsorbing metals and does not adsorb 
the other factor, since the velocity returns to its original value on restoring 
iron to the system. 

Treatment with kaolin therefore provides a very simple and convenient 
method for obtaining glutathione completely free from catalytic metals. All 
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that is necessary is to add kaolin to the solution, shake gently for a short time, 
and filter. Kaolin does not, however, inactivate either cysteine or the earlier 
glutathione preparations (see Fig. 5), for reasons which will be discussed later. 

With adsorbents of this nature we were unable to remove the auxiliary 
catalytic factor, but with certain adsorbents of a more biological nature we 
were completely successful in doing so. As, however, these experiments are 
closely connected with those on the behaviour of the tripeptide towards tissue 
systems, they will be dealt with in the following section. 




Minutes 


Minutes 


Fig. 5. Fig. 6, 

Fig. 5. Effect of kaolin on cysteine and on impure glutathione. 4 mg. old glutathione; B, 4 mg. 
old glutathione + 0*1 g. kaolin. In phosphate buffer at 40°. C, 5 mg. cysteine; D, 5 mg. 
cysteine + 0*1 g. kaolin. In phosphate buffer at 20°. 


Fig. 6. Action of oxidised forms of old and new glutathione on thermostable tissue preparation. 
A, 4 mg. old oxidised glutathione -f 0-2 g. muscle preparation; B, 4 mg. oxidised crystalline 
glutathione + 0-2 g. muscle preparation. In 3 cc. water at Pn 7*6 and 20°. In this and all 
other experiments the tissue was added to both flasks of the apparatus in order to eliminate 
the effect of any slight uptake by the tissue itself. The glutathione was of course added to the 
right-hand flask only. 


Behaviour of glutathione towards tissue systems. 

When the older preparations of glutathione, in either the reduced or the 
oxidised form, were added to thermostable muscle preparations at p H 7-6 a 
large oxygen uptake resulted. In the case of the reduced form, the oxygen 
uptake was considerably greater than that given by the glutathione alone, 
owing to the simultaneous oxidation of protein. With the oxidised form, 
which of course gave no uptake in the absence of the tissue, the disulphide 
group was reduced by the—SH groups of the protein, and the oxygen uptake 
then followed as before. 
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Our first step in testing the behaviour of crystalline glutathione towards 
the thermostable system was to make certain that its oxidised form was 
capable of being reduced by the fixed —SH groups. For this purpose a solution 
of crystalline tripeptide in phosphate buffer was allowed to oxidise until it no 
longer gave a nitroprusside test. The resulting solution of oxidised glutathione 
was then added to a suspension of the muscle powder, allowed to stand for 
a short time, and then filtered. The filtrate gave a strong nitroprusside reaction, 
showing that pure oxidised glutathione, like the old, is readily reduced by the 
tissue powder. 

In spite of this, however, the new glutathione shows a remarkable and 
complete difference in behaviour from the old: for on adding pure oxidised 
glutathione to the muscle powder not the slightest absorption of oxygen 
follows, although with the same muscle preparation the addition of the impure 
oxidised glutathione produces a large oxygen uptake. The results of a typical 
experiment are shown in Fig. 6. 

It follows from this and similar experiments that pure glutathione is 
unable to bring about the oxidation of proteins. Moreover, since the tissue can 
reduce the glutathione it follows that reduced glutathione itself cannot oxidise 
in the presence of the muscle. 

Yet more striking is the result when reduced crystalline glutathione is 
added to muscle powder. Not only is the tissue preparation itself not oxidised, 
but the oxidation of the glutathione is itself prevented by the presence of the 
tissue. The sulphydryl group of the tripeptide is in fact quickly rendered stable 
to oxygen by .the muscle powder. During the first few minutes a small oxygen 
uptake is sometimes observed, as the stabilisation is not quite instantaneous, 
but this ceases almost immediately, and the system can then be kept for long 
periods of time without undergoing oxidation. The total oxygen uptake in any 
case is never greater than a very small fraction of that needed to oxidise the 
sulphydryl form to the disulphide. The experiment shown in Fig. 7 is typical 
of a large number of observations. For instance, out of 18 similar experiments 
with various preparations of tissue and of crystalline glutathione 14 showed 
rates of uptake (after the first few minutes) between 0 and 1 mm. 3 per hour 
and the remaining 4 varied between 1 and 4 mm. 3 per hour. The inactivation 
of the glutathione is therefore remarkably complete. The contrast between the 
behaviour of crystalline and impure glutathione is shown in Fig. 10. 

After removal of the tissue by filtration the filtrate still shows no tendency 
to take up oxygen, as seen in Fig. 8. Nevertheless titration with iodine shows 
that it contains practically the whole of the reduced glutathione originally 
added; that is to say, only a small amount of the glutathione is adsorbed by the 
tissue. 

200 mg. crystalline glutathione were dissolved in 60 cc. water and adjusted 
to pjt 7*6. 2 cc. of this were titrated with iodine (roughly A T /HX)) using starch 
indicator. 2*57 cc. iodine were required. 2*5 g. thermostable muscle powder 
were then added to the solution, which was stirred for about an hour. After 
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Fig. 7. Stabilisation of glutathione by thermostable tissue preparation. A, 8 mg. crystalline 
glutathione; B and C\ 8 mg. crystalline glutathione + 0*2 g. muscle preparation. In water 
at p a 7*6 and 41°. 


Fig. 8. Effect of impure glutathione on stabilised glutathione. A, 6 mg. crystalline glutathione; 
B t 5 mg. crystalline glutathione + 0*2 g. muscle preparation. In buffer at /> H 7*3 and 16°. 
At the first arrow the tissue was removed by filtration, and at the second arrow 3 mg. impure 
oxidisod glutathione were added to B. 




Minutes 
Fig. 10. 


Fig. 9. Effect of iron on stabilised glutathione. A , 8 mg. crystalline glutathione; B, 8 mg. crystal¬ 
line glutathione + 0*2 g. muscle preparation. In buffer at p B 7*6 and 15°. At the first arrow 
the tissue was removed by filtration, at the second arrow 0*4 mg, Fe (as FeSG 4 ) was added, 
and at the third arrow 4 mg. impure oxidised glutathione. 

Fig. 10, Comparative experiment with crystalline and impure glutathione in presence of tissue 
preparation. A, 9*6 mg. old (reduced) glutathione; B, 9*8 mg. old (reduced) glutathione 
*f 0*2 g. muscle preparation; C, 5 mg. crystalline glutathione; A 6 mg. crystalline gluta¬ 
thione + 0*2 g. muscle preparation. All in water at p u 7*6 and 18°. 
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the tissue had been removed by centrifuging, 2 cc. of the solution required 
2*33 cc. of the iodine. This tissue-treated solution, which of course gave a very 
strong nitroprusside reaction, was found in the Barcroft apparatus to give a 
quite negligible oxygen uptake. 

Thus the addition of tissue powder to a solution of crystalline glutathione, 
followed after a short time by filtration, yields a solution of reduced glutathione 
which shows no tendency to undergo oxidation in air. We shall refer to gluta¬ 
thione which has been treated in this way as “stabilised glutathione.” 

We at first supposed that the stabilising effect of the muscle powder was 
similar to that of kaolin, and was due to the removal of metals by adsorption 
on the tissue. This is not the explanation, however, for whereas the addition 
of iron to the filtrate from the kaolin completely reactivated the glutathione, 
it had no effect upon the filtrate from the tissue, which remained quite stable 
to oxygen in the presence of even large amounts of iron or copper. Even such 
large amounts as 0*2 mg. of iron or copper have no effect. The effect of adding 
iron to stabilised glutathione is shown in Fig. 9, and precisely similar results 
were obtained with copper. 

It is therefore quite clear that the tissue does not render the glutathione 
stable to oxygen by removing catalytic metals, but acts in some other way. 
Some evidence has already been given in the previous section that iron alone 
is not able to catalyse the autoxidation of glutathione ; and this is convincingly 
shown by experiments of the type just described, for it is possible in this way 
to obtain strong solutions of reduced glutathione, containing large amounts of 
iron, which yet show no tendency to autoxidise. It is clear that iron and copper 
salts are themselves catalytically inactive in the reaction and do not form 
catalytic complexes with pure glutathione. As we suggested in the previous 
section, it appears that another factor must be present in addition to the iron 
in order that complexes capable of catalysing the oxidation of glutathione may 
be formed. If this is so the most probable explanation of the stabilising action 
of the muscle powder is that it removes the additional factor from the solution 
by adsorption. Glutathione can thus be rendered incapable of autoxidation 
in two ways: by the removal of metals by treatment with kaolin, or by removal 
of the other factor by treatment with muscle powder. In the first case the 
addition of iron to the filtrate reactivates it, since the second factor is not 
removed; in the second case this is lacking and the filtrate is therefore not 
reactivated by iron. It should, how r ever, be reactivated by the addition of 
impure glutathione, which appears to contain the factor in considerable amount, 
as stated in the last section. The marked effect of adding glutathione from an 
earlier preparation to the stabilised glutathione is shown in Figs. 8 and 9. 

The stabilised glutathione has lost not only its pow r er to react with oxygen, 
but also its power of reducing methylene blue. (The reduction of methylene 
blue by cysteine was shown by Toda [1926] and by Harrison [1927] to be 
catalysed by metals, like the autoxidation.) The following experiment shows 
the effect of previous treatment with tissue upon the velocity of reduction. 
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A solution of crystalline glutathione in phosphate buffer, adjusted to 
p H 7-6 and containing 4 mg. glutathione per cc., was prepared. This was divided 
into two portions: one portion was stabilised by treatment with muscle powder, 
which was then removed after about § hour by filtration; the other portion 
was meanwhile kept in an evacuated Thunberg tube to prevent oxidation. 
Equal amounts of the two solutions, together with phosphate buffer, were then 
added to two Thunberg tubes so that each tube contained 3 mg. glutathione 
in 2 cc. liquid, then 0*3 cc. of 1/5000 methylene blue was added to each, and 
the reduction-times determined at room temperature in the usual way. An 
old preparation of glutathione under these conditions gave a reduction-time 
of about 40 minutes; the crystalline glutathione reduced in about 3 hours, 
while the stabilised glutathione did not reduce in 15 hours. 

The behaviour of the —SH group of stabilised glutathione, which on our 
view as simply pure glutathione, resembles that of the fixed —SH groups of 
the thermostable preparations in being unable to react with either oxygen or 
methylene blue, even in presence of iron, and in becoming readily oxidised 
by both in the presence of impure glutathione. 

Fig. 10 shows a comparative experiment with old and new glutathione 
preparations on the same sample of tissue. It confirms the results of Hopkins’s 
experiments with the earlier preparations, and illustrates the marked difference 
in the action of the crystalline and the impure preparations. The reason for 
the failure of the tissue to stabilise the older preparations seems to be simply 
that they contain far too much of the auxiliary catalytic factor for the whole 
of it to be adsorbed by the tissue, so that the tissue becomes saturated with it 
before more than a fraction is removed from solution. Evidence for this will 
be given later. 

Both cysteine and thioglycollic acid behave like the non-crystalline gluta¬ 
thione preparations, as Fig. 11 shows. This is to be expected, since the tissue 
does not remove the iron from the solution, and these substances are them¬ 
selves capable of forming active complexes with iron. It is only those sul- 
phydryl compounds which are unable to form such complexes, and require the 
presence of another factor to activate the iron, which become stabilised. 

Since it appears that cysteine can form such complexes and glutathione 
cannot, we thought it probable that other peptides of cysteine might also be 
incapable of forming active metal complexes, and either be stable to oxygen or 
become stabilised by tissue. On testing glycyleysteine 1 we found that it 
oxidised spontaneously at a slow rate, which was practically unaffected by the 
addition of iron, and that the addition of tissue powder had exactly the same 
stabilising effect as with crystalline glutathione. This experiment is shown in 
Fig. 12. This result seems to indicate that cysteine peptides generally may 
resemble glutathione in being unable to form complexes with metals which 
are able to catalyse their oxidation. 

Chloroacetylcystine was also tested, and found to behave like pure oxidised 
1 We are much indebted to Mr 3ST. W. Pirie for giving us a sample of this peptide. 
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glutathione, that is to say, when it was added to tissue no oxygen uptake could 
be detected, although a nitroprusside test on the filtrate showed that reduction 
of the disulphide group by the tissue had taken place. The chloroacetyl- 
cysteine formed was therefore stable to oxygen in presence of tissue. 

The action of haematin on stabilised and crystalline glutathione is very 
similar, for in both cases small amounts have no accelerating effect but large 
amounts (e.g. 0*5 mg.) definitely produce an acceleration. Fig. 13 shows the 
effect of adding a large amount of haematin to glutathione in the presence and 
absence of tissue preparation. While the inactivation is partially prevented 
by the presence of the haematin, the inhibitory effect of the tissue is still very 
marked. 



Fig. 11. Action of cysteine and thioglycollio acid on tissue preparation. A, 2 mg. cysteine + 
(MX)1 mg. Fe; B, 2 mg. cysteine + 0*001 mg. Fe 4-0-2 g. muscle preparation; l\ 3 mg. thio- 
glycollic acid; 1), 3 mg. thioglycollio acid+0-2 g. muscle preparation. All in water at ~p n 7 6 
and 16°. The oxygen-equivalents of the cysteine and thioglycollic acid respectively are in¬ 
dicated by the vertical lines on the right of the figure. 

Fig. 12. Stabilisation of glyoylcysteine. A, 5 mg. glycylcysteine; B, 5 mg. givey Icy steine 
+0-2 g. muscle preparation. In phosphate buffer at p B 7-6. At the arrow 0-001* mg. Fe was 
added. 

In further experiments on the stabilisation of glutathione by tissue pre¬ 
parations it was found that the p H of the solution had a considerable influence, 
for while at p B 7*6 the stabilisation was usually complete no stabilisation at 
all could be detected at p n 9*0. The presence of the tissue had in fact no effect 
on the velocity of oxidation in alkaline solution. A solution of glutathione 
which had been stabilised at p B 7*6 did not become reactivated by making it 
alkaline, so that it appears that the tissue does not adsorb the catalytic im¬ 
purity in alkaline solutions. The significance of this result will appear later. 
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The thermostable tissue preparation consists mainly of insoluble protein 
material, and we therefore investigated the action of other proteins upon the 
rate of oxidation of aqueous glutathione solutions, in order to see whether they 
showed the same stabilising effect as the tissue powder. It was found that 
gelatin, caseinogen and egg-albumin did not affect the rate of oxygen uptake, 
but that coagulated egg-albumin slowed it considerably. At first it appeared 
possible that the presence of a sulphydryl group in the protein molecule might 
be essential for it to exert a stabilising action, for the tissue preparations and 
coagulated egg-albumin possess sulphydryl groups, whereas gelatin, caseinogen 
and native egg-albumin do not. This was, however, shown not to be the case 
by the fact that denatured globin 1 , which shows no —SH reaction, stabilised 
the glutathione almost completely. It appears that the heterogeneity of the 
system is the determining factor. Some of these experiments are shown in 
Fig. 14. 



Fig. 13. Fig. 14. 

Fig. 13. Effect of larger amounts of haematin. A, 5 mg. crystalline glutathione; B, 5 mg. crystal¬ 
line glutathione 4 0*5 mg. haematin; (\ 5 mg. crystalline glutathione 4 0*2 g. muscle pre¬ 
paration ; D, o mg. crystalline glutathione 4- 0*5 mg. haematin + 0*2 g. muscle preparation. 
All in buffer at ;>h 7*6 and 20°. The tissue used in this experiment had been freed from haematin 
by extraction with pyridine, followed by other. 

Fig. 14. Effect of proteins on autoxidation of glutathione. A , 5 mg. crystalline glutathione; 
B, 5 mg. crystalline glutathione 4-0*04 g. gelatin; C, 5 mg. crystalline glutathione 4*0*2 g. 
egg-albumin; I), 5 mg. crystalline glutathione 4*0*2 g. denatured egg-albumin; E, 5 mg. 
crystalline glutathione 4*0*07 g. denatured globin. All in phosphate buffer at p H 7*6 and 16°. 

From the biological point of view it was obviously important to determine 
whether fresh unheated tissues could also stabilise glutathione, or whether this 
property was restricted to tissue preparations which had been heated. It was 
possible that the power to remove the catalytic factor by adsorption had been 
conferred upon the thermostable preparations by the heat-coagulation of their 
proteins. In order to test this, fresh rat muscle was minced, well washed with 
1 We are indebted to Mr B. Hill for samples of globin prepared from horse and sheep hlood. 
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tap water, and added to a solution of crystalline glutathione. The results of one 
experiment are shown in Fig. 15. In another experiment with a different rat 
a larger inhibition of oxygen uptake was obtained. The fact that contact with 
fresh tissues tends to render glutathione stable to oxygen cannot but be of 
considerable importance in connection with the mode of action of glutathione 
in vivo . 

Oxidation of unsaturated fatty acids. 

So far we have been dealing with the experiments on the oxidation of 
protein, in which the oxidation of the sulphydryl group of glutathione is in¬ 
volved. Hopkins also found that glutathione could catalyse the oxidation of 
unsaturated fats and fatty acids, particularly in acid solution. In this catalysis 
the oxidation of the —SH group is not involved, and there was therefore no 
reason to anticipate that the phenomena connected with stabilisation should 
affect this action. In fact the behaviour of the crystalline glutathione towards 
fats appears to be exactly the same as the non-crystalline. In Fig. 16 is shown 
a comparative experiment on linoleic acid at p n 3-5 with old and new gluta¬ 
thione. It will be seen that the induced oxygen uptake is the same in both 
cases. 



Fig. 15. Fig. 16. 

Fig. 15. Inhibition of autoxidation of glutathione by washed rat muscle. A. 5 mg. crystalline 
glutathione 4 0*001 mg. Fe; B, 5 mg. crystalline glutathione + 0*001 mg. Fe -t l g. washed 
rat muscle. In phosphate buffer at p H 7*6 and 16°. The muscle and iron were added to both 
flasks of the apparatus, so as to compensate for any residual respiration. 

Fig. 16. Oxidation of linoleic acid by old and new glutathione preparations. A , 8 mg. crystalline 
glutathione; B , 8 mg. impure glutathione; (\ 10 mg. linoleic acid 4 8 mg. crystalline gluta¬ 
thione; D y 10 mg. linoleic acid 48 mg. impure glutathione. All in water at / j h 3o and 39°. 
The linoleic acid was present as a fine emulsion, and it was added to both flasks of each 
apparatus C and D, in order to compensate for its spontaneous autoxidation. 

Several samples of linseed oil were also tested at p n 7-6, but with the samples 
available we obtained no oxidation either with pure or impure glutathione or 
with cysteine, thus confirming the results of Allott [1927]. 
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We have not observed any differences in behaviour between the old and 
new glutathione preparations as far as the oxidation of fats is concerned. 

Nature of the catalytic impurity . Reactivation of stabilised glutathione. 

Since the catalytic substance is present in crystalline glutathione only in 
extremely small amounts (quite insufficient to affect the analytical figures) it 
is not practicable to isolate it and identify it directly. Evidence as to its nature 
must therefore mainly rest upon the comparison of its behaviour with that of 
known substances. While we cannot claim to have definitely identified the 
substance, we have obtained evidence which gives distinct indications of its 
nature; and it appears very probable that it is either free cysteine or some very 
closely related substance. Its properties correspond almost exactly with those 
of free cysteine; nevertheless certain quantitative experiments seem to show 
that its activity is somewhat greater than that of cysteine itself. 

Cysteine is known to be capable of forming active complexes with iron 
and copper, it is known to be present in considerable amounts in the older 
glutathione preparations, it is the most likely impurity to occur in the new 
glutathione preparations (since it is precipitated by the Hopkins copper 
method), and it would probably also occur in traces in preparations of other 
cysteine peptides. 

On this hypothesis then the catalyst which brings about the oxidation of 
glutathione is a cysteine-iron (or copper) complex. According to the theory of 
cysteine autoxidation recently put forward by Michaelis [1929] the oxidation 
of cysteine is due to the catalytic action of a cysteine-iron complex rather than 
of iron itself. In that case both glutathione and cysteine would be oxidised by 
the same catalyst. This would explain a fact which has hitherto been somewhat 
difficult to account for; namely, that the p H -oxidation-velocity curves for 
cysteine and (impure) glutathione (in presence of a trace of copper) have the 
same form, with a marked optimum at p n 7-5, although the mode of ionisation 
of the two substances is different. Other sulphydryl compounds, such as thio- 
glycollic acid, show quite different curves, with no optimum in this region. 
This would seem to indicate that the catalyst is the same in both cases. 

We were first led to think that the extra catalytic factor might be cysteine 
by the following circumstance. In preparing glutathione by Hopkins’s [1929] 
method, if the final solution, obtained by the decomposition of the crystalline 
copper compound by means of H 2 S, is quickly concentrated in vacuo and allowed 
to'crystallise after adding alcohol in the usual way, the wdiole of the glutathione 
is obtained as a non-deliquescent crystalline preparation, with the properties 
described in this paper. If, however, the solution is allowed to stand for a few 
hours, or the evaporation carried out slowly, the preparation obtained is only 
partially crystalline and resembles the older preparations in being deliquescent. 
Slight hydrolysis of the tripeptide appears to have taken place with the pro¬ 
duction of a small amount of free cysteine; as shown by the fact that the 
Sullivan [1926] test, which is negligibly weak with crystalline glutathione, 
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became definitely positive with this preparation. The products of hydrolysis 
apparently interfere with the crystallisation of the tripeptide. This preparation, 
which we shall refer to as “deliquescent glutathione,” and which we may 
repeat is obtained from the crystalline copper compound of the tripeptide, 
behaves with tissue powder quite differently from the crystalline preparations, 
but in very much the same way as the older preparations, as shown in Fig. 17. 
It appeared therefore that glutathione containing a sufficient amount of ffce 
cysteine to give a positive Sullivan reaction, as in the case of the older and the 
deliquescent preparations, was not stabilised by the tissue; whereas prepara¬ 
tions which gave a negative Sullivan reaction were stabilised. That is to say, 
where the glutathione contained more than a minute trace of cysteine the 
active factor was present in too large an amount to be removed by adsorption 
on the tissue. 



Fig. 17. Fig-18. 

Fig. 17. Action of tissue preparation on crystalline and deliquescent” glutathione. A, 7 mg. 
crystalline glutathione; B, 7 mg. crystalline glutathione 4- 0*2 g. muscle preparation; C\ 8 mg. 
“deliquescent” glutathione; J) y 8 mg. “deliquescent” glutathione + 0*2 g. muscle preparation. 
In phosphate buffer at 7*6 and 20°. 0*01 mg. Fe (as FeS0 4 ) added to B at arrow. 

Fig. 18. Action of “reactivated” glutathione on thermostable tissue preparation. A, 10 mg. 
“reactivated” glutathione: B, 10 mg. “reactivated” glutathione 4- 0*2 g. muscle preparation. 
In water at p H 7*5 and 40°. 

This experiment suggested that crystalline glutathione which had been 
allowed to stand in aqueous solution for some time might behave similarly. 
A solution containing 100 mg. crystalline glutathione in 10 cc. water was 
accordingly allowed to stand (unneutralised) for 12 hours at 40°, after which it 
was adjusted to p u 7-5. It was then found that the solution gave a definitely 
positive Sullivan reaction, indicating that a small amount of hydrolysis had 
taken place. The oxygen uptake of this solution was accelerated by adding a 
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trace of iron, like that of the impure glutathione, and it also behaved like the 
latter with tissue: that is to say its oxidation was not inhibited by the tissue, 
and it was able to catalyse the oxidation of the protein, as shown in Fig. 18. 
This experiment has been repeated with other crystalline preparations with 
similar results. 

These experiments show T clearly that the catalytic factor can be formed from 
the pure tripeptide itself, and that its appearance is accompanied by the 
liberation of a small amount of free cysteine. 

We attempted to make use of the delicate and specific Sullivan test for free 
cysteine for the purpose of estimating colorimetrically the amounts present in 
the different preparations of glutathione, but we found that in presence of 
glutathione the development of the colour is markedly inhibited. For instance 
1 mg. of cysteine gave a strong Sullivan reaction, but 1 mg. of cysteine plus 
9 mg. of glutathione gave only a weak colour. For this reason it is difficult 
to use the Sullivan method for the estimation of small amounts of cysteine in 
glutathione preparations. It can, however, be said that there are indications 
that the strength of the reaction runs roughly parallel with the amount of 
catalytic factor present. All the older glutathione preparations tested gave 
a strong (though rather variable) test, the deliquescent preparations and such 
solutions as that used in Fig. 18 gave positive, though weaker, tests, wiiile 
crystalline glutathione gave only a negligible colour. Attempts to obtain 
quantitative results by using a series of standards containing varying amounts 
of cysteine and glutathione were not very successful, but appeared to show that 
between 1 and 5 % of the total sulphydryl in the solutions used in Fig. 18 w T as 
present as free cysteine. 

We may mention here that the addition of ferric chloride to the impure 
glutathione produces the transient blue colour characteristic of cysteine, while 
with crystalline glutathione or with glycylcysteine no blue colour is produced, 
and only a pale olive tint remains. 

In order that the hypothesis that the catalytic substance is cysteine may 
be tenable, the following points must be verified. (1) A mixture of crystalline 
glutathione w r ith a small proportion of cysteine must behave like the non¬ 
crystalline glutathione preparations. (2) The thermostable muscle powder 
must be capable of removing small amounts of cysteine from solution by 
adsorption. (3) The addition of cysteine to stabilised glutathione must 
reactivate it. 

All these points have been verified by experiment. 

Fig. 19 shows that the addition of cysteine to crystalline glutathione pre¬ 
vents the latter from being inactivated by the tissue; and the large effect of 
adding small quantities of cysteine to reduced or oxidised glutathione is 
illustrated in Fig. 20. 

The presence of phosphate tends to prevent the oxidation of protein [see 
Hopkins, 1925], but Fig. 21, which gives an experiment carried out in the 
absence of phosphate, shows that extended oxygen uptakes with oxidation of 
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protein can be obtained on adding a trace of cysteine to the crystalline gluta¬ 
thione. 

With regard to the second point, when very small amounts (less than 
0*1 mg.) of cysteine are added to 0*2 g. of muscle powder at p n 7*6 no oxygen 
uptake is produced. On filtering off the tissue, the liquid is found to give no 



Minutes 

J?ig. 19. Prevention of stabilisation by presence of cysteine. A, 5 ing. crystalline glutathione; 
By 5 mg, crystalline glutathione 4 0-2 g. muscle preparation; C, 5 nig. crystalline glutathione 
4 1 mg. cysteine; />, 5 mg. crystalline glutathione 4 0*2 g. muscle preparation 4 1 mg. 
cysteine. In phosphate buffer at p n 7-6 and 20°. The cysteine and muscle were added to both 
flasks of the apparatus. The uptake of the cysteine itself is therefore eliminated from the 
curves. 




Fig. 20 . Effect of addition of a trace of cysteine to pure reduced and oxidised glutathione. 
Ay 0*1 mg. cysteine 4 0*3 g. muscle preparation; B, 5 mg. crystalline glutathione 4 0-1 mg. 
cysteine 4 0*3 g. muscle preparation; (\ 6 mg. oxidised crystalline glutathione 4 0-2 g. muscle 
preparation; i>, 01 mg. cysteine 4 0*2 g. muscle preparation; K % 5 mg. oxidised crystalline 
glutathione +0*1 mg. cysteine + 0*2 g. muscle preparation. In phosphate buffer at p u 1 -0 
and 40°. The oxygen equivalent of the cysteine added is indicated by the vertical line on the 
right of the figure. 

nitroprusside reaction, even after adding cyanide to reduce any cysteine which 
may have been formed. The cystine has in fact been completely removed 
from the solution by adsorption on the tissue. This does not occur, however, 
in alkaline solutions: at p n 9 the tissue does not adsorb the cysteine. Thus 
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under conditions where the muscle powder adsorbs cysteine it is capable of 
stabilising glutathione, and under other conditions, where it cannot stabilise 
glutathione, it does not adsorb cysteine. 

Moreover the muscle powder may be rendered incapable of adsorbing 
cysteine by previously exposing it to excess of cysteine so as to saturate it, and 
then removing the free cysteine by very thorough washing with water. After 
this treatment the tissue was incapable of stabilising glutathione. 



Fig. 21. Oxidation of protein by crystalline glutathione in presence of small amounts of cysteine. 
A, 5 mg. crystalline glutathione; B, 5 mg. crystalline glutathione + 0-2 g. muscle preparation; 
C, 5 mg. crystalline glutathione-t-0*2 g. muscle preparation + 025 mg. cysteine; Z>, 5 mg. 
crystalline glutathione + 0-2 g. muscle preparation + 1 mg. cysteine. In water at p H 7*6 and 
18°. The cysteine was added to both flasks in C and D. The vertical lines indicate the oxygen 
equivalent of the amounts of cysteine added. 


Another point of interest is that in the presence of excess of glutathione 
the tissue seems to have much less power of adsorbing cysteine. This is possibly 
because it can adsorb both compounds so that in presence of an excess of gluta¬ 
thione the surface would be mainly saturated with this and little cysteine 
would be adsorbed. Fig. 22 illustrates this point. Neither the cysteine nor the 
glutathione separately gave any oxygen uptake in presence of the tissue: the 
cysteine because it was present in sufficiently small quantity to be completely 
adsorbed by the tissue, the glutathione because it became stabilised by the 
tissue in the usual way. When both were present together, however, a con¬ 
siderable oxygen uptake was produced. 

With regard to the third point, the addition of a trace of cysteine to 
stabilised glutathione (after the tissue has been filtered off) restores the power 
to take up oxygen. The effect of adding different amounts of cysteine is shown 
in Fig. 23. 

All the evidence given hitherto in this section seems to indicate that the 
impurity necessary for the oxidation of glutathione is cysteine. The fact that 
kaolin removes the catalytic iron from glutathione preparations but not from 
cysteine might be thought to be evidence to the contrary, since this view 
supposes that the active iron is present in both cases as a complex with cysteine. 
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Rut the difference is easily understood if we assume that the complex is partly 
dissociated into free iron and cysteine, and that the kaolin only adsorbs free 
iron. For in accordance with the principle of mass action the amount of free 
iron will decrease as the cysteine concentration increases; so that in the gluta¬ 
thione solutions, where the cysteine is present only in traces, the kaolin may 
be able to remove practically the whole of the iron, while in the cysteine 
solutions the concentration of free iron will be negligible, and therefore very 
little will be adsorbed. 




Fig. 22. Fig. 23. 

Fig. 22. Effect of very small amounts of cysteine. A % 5 mg. crystalline glutathione 4 0*2 g. 
muscle preparation; 0*05 mg. cysteine 4 0*2 g. muscle preparation; C, 5 mg. crystalline 
glutathione 4- 0*2 g. muscle preparation 4 0*05 mg. cysteine. In water at p n 7*6 and 40°. Tne 
oxygen-equivalent of the cysteine added was about 2 mm. 8 It was found that in the absence 
of the glutathione the tissue completely adsorbed the cysteine. 

Fig. 23. Effect of addition of cysteine to stabilised glutathione. A solution of stabilised gluta¬ 
thione was prepared by treatment with thermostable preparation, followed by filtration. 
Various amounts of cysteine were then added to the filtrate as follows: A , 2 mg. stabilised 
glutathione 4 0*001 mg. Fe; B y 2 mg. stabilised glutathione 4* 0*001 mg. Fe 4 0*1 mg. 
cysteine; C t 2 mg. stabilised glutathione 4 0*001 mg. Fe 4 0*2 mg. cysteine. In phosphate 
buffer at p a 7*6 and 20°. The cysteine and iron were added to both flasks of the apparatus. 


Quantitative experiments seem to show that while cysteine (together with 
iron) can act as catalyst in the oxidation of glutathione, its activity is somewhat 
less than that of the active substance present in solutions of the crystalline, 
“deliquescent” and “reactivated” glutathiones. The results given in Fig. 23 
show that the presence of 5 % of free cysteine in the glutathione would account 
for an oxygen uptake of about 50 mm. 8 per hour for 5 mg. of glutathione. Now 
the rate of oxidation of crystalline glutathione under similar conditions is 
about 30 mm. 8 per hour per 5 mg. If this oxidation were due to the presence 
of cysteine, crystalline glutathione must contain 3 % of free cysteine. This, 
however, does not seem possible. The limits of error of the analytical figures 
would only permit of the presence of 0*5 % of free cysteine at most (assuming, 
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however, that cysteine is the only impurity present), and an even smaller 
amount than 0*5 % could have been detected by the Sullivan reaction in spite 
of the inhibitory effect of the glutathione. Similar reasoning shows that the 
“deliquescent” glutathione used in the experiment of Fig. 17 would have to 
contain about 8 % of free cysteine, whereas the Sullivan reaction indicated 
that not more than about* 1 % was present. Added cysteine therefore hardly 
seems to be sufficiently active. 

Nevertheless in view of the somewhat complicated nature of the reactions 
involved we do not feel justified in claiming that these considerations are 
conclusive. 


Discussion. 

We consider that the experiments given in this paper show that pure 
glutathione is not appreciably autoxidisable, even in presence of iron. 

There are four possible interpretations of the effect of the muscle powder 
in preventing the oxidation of glutathione. (1) Tbe tissue may remove the 
necessary iron by adsorption. (2) Some substance which inhibits the catalytic 
action of the iron may pass into the solution from the tissue. (3) The gluta¬ 
thione may be converted into a non-autoxidisable isomeric modification, the 
tissue acting as a catalyst in the process. (4) The tissue may remove from the 
solution some impurity other than iron, which co-operates with the iron in 
catalysing the oxidation. 

The first possibility is disposed of by the fact that the addition of iron after 
filtering off the tissue powder does not render glutathione autoxidisable. 

The second is made improbable in view of the very thorough extraction 
undergone by the tissue preparation. The tissue is first very thoroughly ex¬ 
tracted with water, then with boiling water, then with absolute alcohol for 
several hours in a Soxhlet apparatus, and finally <with ether. In some cases 
it was also extracted with pyridine and again with ether. After such treatment 
it is difficult to believe that any soluble material is left. 

This interpretation seems also to be excluded by the form of the curves. 
The stabilisation is not instantaneous, but takes a certain time to become 
established. The initial velocity of oxidation in presence of tissue is not much 
below that in its absence, but it quickly falls off to a negligible value. On the 
second interpretation this period would correspond to the time taken for the 
inhibitor to diffuse out of the tissue. If therefore the tissue is allowed to remain 
in the buffer solution for say 2 hours before adding the glutathione, the in¬ 
hibitor should have had time to diffuse into the solution, and the stabilisation 
should now be instantaneous. Actually, however, this procedure has no effect 
on the length of time taken to attain complete stabilisation. 

The hypothesis is finally disposed of by the following consideration. In 
a series of experiments with different amounts of tissue it was found that 
0*08 g. of the tissue was required in order to stabilise 5 mg. of glutathione. 
Smaller amounts of tissue produced only a partial inhibition. On the hypo- 
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thesis that the tissue was supplying an inhibitor this would mean that that 
amount of tissue contained just enough of the inhibitor to inactivate the metals 
present. The amount of tissue used in most of our experiments, 0*2 g., would 
therefore only be able to inactivate about twice as much iron as was originally 
present in the solution. Yet after removing the tissue by filtration, many (e.g. 
1000) times this amount of iron can be added without re-establishing any 
uptake of oxygen. The second interpretation may therefore be neglected. 

In order to explain the stabilisation of glutathione by its conversion into 
an isomeric modification it would seem to be necessary to postulate some 
change involving the sulphydryl group, so that stabilised glutathione would 
not contain a free sulphydryl group. Any change not involving the sulphydryl 
group would by itself hardly be expected to prevent the autoxidation. Yet 
stabilised glutathione does not appear to have undergone any change in its 
molecule. It titrates normally with iodine, it is precipitated normally by the 
copper method, and it gives with nitroprusside a sulphydryl reaction of un¬ 
diminished intensity. It is true that in performing the nitroprusside test the 
solution is made alkaline with ammonia, which might produce a tautomeric 
change; but we found that this treatment did not reactivate stabilised gluta¬ 
thione in the least. Moreover on this view the tissue powder would be acting 
as a catalyst for the change, and the rate of stabilisation should vary with the 
amount of tissue present. Actually the time taken to reach stabilisation is 
independent of the amount of tissue within wide limits. And finally this 
hypothesis provides no explanation of the reactivation of the stabilised gluta¬ 
thione by the addition of a little impure glutathione or cysteine. 

According to the remaining hypothesis the tissue removes some substance 
which,, in co-operation with iron, is responsible for the catalysis. It has been 
clearly shown that iron alone cannot catalyse the oxidation of the cysteine 
peptides, neither can it form active complexes with them. Nevertheless that 
the oxidation depends upon the action of iron is shown by the experiments 
with kaolin. We are therefore compelled to assume that the active catalyst 
ivS a complex of iron with some other impurity, in the absence of which gluta¬ 
thione would be stable to oxygen, even in presence of iron. Several lines of 
evidence have been shown in this paper to converge in support of this view, 
and it appears to provide an adequate explanation of the facts. 

The fact that- iron and copper can form active complexes with cysteine but 
not with the cysteine peptides is of importance in connection with theories of 
oxidation-catalysis by iron. It appears that the amino-group of cysteine must 
be left free in order that active complexes with iron may be formed. 

With regard to the nature of the impurity in crystalline glutathione which 
forms active complexes with iron, we can only say that its behaviour is similar 
to that of free cysteine. The identity of the impurity in these preparations is 
perhaps not a matter of very great consequence. In any case cysteine is capable 
of acting in such a way, and there can be little doubt that in the work done on 
the autoxidation of the older glutathione preparations (as for instance that of 
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Dixon and Tunnicliffe [1923], Harrison [1924], Dixon [1928]) the effects were 
due to the presence of cysteine, as also in the case of the oxidations of proteins 
studied by Hopkins [1925]. 

We do not picture the cysteine impurity as acting by the alternate oxida¬ 
tion and reduction of its sulphur group, but merely as converting the iron into 
a catalytically active complex. It is the sulphur group of glutathione which 
lindergoes alternate oxidation and reduction in the presence of tissue, the 
ferrocysteine catalysing the reaction between glutathione and oxygen. 

The question now arises as to how glutathione is oxidised in the tissues. 
The following possibilities must be considered. (1) Autoxidation catalysed by 
ferrocysteine or similar complexes. (2) Autoxidation catalysed by haematin. 
(3) Oxidation by means of the cytochrome system: (4) Oxidation by hydrogen 
peroxide, either directly, or indirectly as suggested by Szent-Gyorgyi [1928]. 

The first method seems to be the most probable. It does not seem to be 
definitely known at present whether the tissues contain free cysteine in appre¬ 
ciable quantities or not, but it seems quite probable that sufficient amounts 
would be present to account for the oxidation. 

We have shown that small amounts of haematin do not affect the autoxida¬ 
tion, and it seems questionable whether sufficient haematin is present in the 
cells to catalyse the reaction. 

Keilin [1930] has shown that cysteine is very rapidly oxidised by the cyto¬ 
chrome—indophenol oxidase system, with uptake of oxygen, and it might be 
expected that glutathione would be oxidised by the same system. Dr Keilin 
has kindly allowed us to state, however, that he has found that crystalline 
glutathione is not oxidised by this system, and that it reduces cytochrome only 
with extreme slowness (cf. our results on haematin given previously). 

Further work is at present being earned out on the possibility of oxidation 
by hydrogen peroxide. * 

With the data at present available no final statement can be made with 
regard to the mode of oxidation of glutathione in the tissues. 

Summary. 

1. Previous work on oxidation-catalysis by glutathione, in which impure 
preparations were used, has been repeated with crystalline glutathione. Some 
significant differences in behaviour have been found. 

2. Solutions of crystalline glutathione absorb oxygen at the comparatively 
slow rate of about 30 mm. 3 per hour per 5 mg. glutathione (at p H 7-6 and 20°). 

3. As in the case of cysteine, this oxidation is due to the presence of traces 
of catalytic metals. These can be removed by adsorption on kaolin. The re¬ 
sulting solutions do not absorb oxygen, but are reactivated by the addition of 
a trace of iron, which brings back the autoxidation to its original rate. Cysteine 
is not inactivated by kaolin. 

4. The autoxidation of solutions of crystalline glutathione, unlike that of 
cysteine, is not accelerated by the addition of iron. 
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5. Evidence has been obtained that the autoxidation of glutathione 
depends on the co-operation of two factors, present in traces as impurities in 
the glutathione preparations; namely, iron (or copper), and some substance 
able to form catalytically active complexes with metals. With crystalline 
glutathione the rate of oxidation is limited by the amount of the second factor 
present, and not by the iron. 

6. Crystalline glutathione, unlike the earlier preparations, produces no 
oxygen uptake when added to “ thermostable tissue preparations.” When the 
disulphide form is added it becomes reduced by the tissue, but no oxygen 
uptake results. When the sulphydrvl form is added not only does it fail to 
oxidise the protein, but its own autoxidation is completely inhibited. 

7. This inhibition is not due to the removal of catalytic metals, as w T ith 
kaolin; for, on filtering off the tissue, solutions of reduced glutathione are 
obtained which are unable to react with oxygen (or methylene blue) even after 
the addition of iron or copper. They are, however, reactivated by the addition 
of a small amount of impure glutathione. 

8. It is probable that the tissue inactivates the glutathione by removing 
the impurity which forms active complexes with metals. Free iron and copper 
are catalytically inactive in the oxidation of glutathione, and glutathione is 
unable to form active complexes with them. It follows that pure reduced 
glutathione is not autoxidisable, even in presence of iron or copper. 

9. Other peptides of cysteine behave in a similar way to glutathione. 

10. Certain other proteins behave like the “thermostable preparations” 
in inactivating glutathione. The oxidation of glutathione is also inhibited by 
fresh washed muscle. 

11. Evidence is given that the catalytic substance, other than metals, 
concerned in the oxidation of glutathione can be formed, under certain con¬ 
ditions, from the glutathione molecule itself. 

12. A mixture of crystalline glutathione and free cysteine behaves in the 
same way as the earlier glutathione preparations. 

13. While the properties of the catalytic impurity in the glutathione pre¬ 
parations can be very closely imitated by free cysteine, quantitative experi¬ 
ments do not altogether support the view that this substance is cysteine itself. 

14. In the oxidation of unsaturated fatty acids crystalline glutathione 
shows the same catalytic power as the earlier preparations. 

We wish to acknowledge our indebtedness to Sir F. G. Hopkins, for 
his kind advice and criticism. One of us (N. U. M.) was in receipt of grants 
from the Carnegie Research Board and the Department of Scientific and 
Industrial Research. 
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LVII. FURTHER EXPERIMENTS ON CANCER- 
PRODUCING SUBSTANCES. 


By ERNEST LAURENCE KENNAWAY. 

From the Cancer Hospital Research Institute , London. 

(Received March 3rd , 1930.) 

The carcinogenic factor in gas-works tar is known to be present in the higher¬ 
boiling fractions. A list has been compiled [Kennaway, 1924, 1] of the com¬ 
pounds known to be present in tar with boiling points above 270°, which 
temperature appeared to indicate very roughly the boundary between the 
lower-boiling non-careinogenic, and higher-boiling fractions. The list is re¬ 
produced below (Table i) together with the results obtained in this laboratory 
and others [Bloch, 1922; Twort and Fulton, 1930] by application of some of 
these compounds to mice. 


Table I. Substances in tar which boil above 270°. 


Aeenaphthene . 

Fluorone 
Fluoranthene 
Anthracene ... 
Oihydroanthra cone 
Hexahydroanthracene 
/3-Methylanthracene 

Phenanthrene . 

Retone . 

Pyrene 

Chrysene . 

Picene . 

Truxeno 

Naphthacene . 

Naphthanthracene... 
Chrysogene ... 

Bonzery throne 

Crackene . 

Diphenylene oxide. 

/MNaphthofurane. 

a- and /3-Naphthol. 

a- Di met hy Iquinoline 

Carbazole . 

Phenyl-p-naphthylcarbazole 

Acridine . 

Diphenylene sulphide 


Cook, Hieger Tuort and 

and Kennaway Bloch [1922] Fulton [1930] 


under test 


nil 35 weeks 
+ 


under test 


under test 


1 papilloma 


+ and - indicate positive and negative results of application to mice. 


The table shows discordant results with chrysene. Chrysene (at first 1 %, 
then 0*33% suspension of Kahlbaum’s preparation in “90% benzol” at 
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40°) was applied here to 100 mice for 11 months with negative results [Kenna¬ 
way, 1924,1], but only 5 of these were alive after 6| months. Twort and Fulton 
[1930] report 5 cancers and 10 warts in mice painted with chrysene (suspension 
in oleic acid or liquid paraffin) either alone or with other compounds; appar¬ 
ently they used several hundreds of mice, but they do not state the exact 
number exposed to chrysene. From the yield of tumours they conclude that 
the carcinogenic potency of chrysene, in such suspensions, must be very low. 
The negative results with some of the above substances are not very satis¬ 
factory, owing to their very low solubility ( e.g . naphthacene, truxene, picene). 
Naphthacene, with dihydronaphthacene, was prepared by Hieger by the 
method of Gabriel and Leupold [1898]; naphthanthracene, with dihydro- 
naphtlianthraeene, was prepared by Cook by the method of Clar and John 
[1929]; in both cases the hydrocarbon and the partially reduced compound 
were applied together. 

Synthetic carcinogenic materials. 

I. Tars. 

Various attempts have been made to obtain if possible carcinogenic 
material of a nature simpler than coal tar. Isoprene, acetylene, human skin, 
yeast, and cholesterol were heated between 700° and 920°, and cancer-pro¬ 
ducing mixtures, some of them very active, were obtained from each one of 
these [Kennaway, 1924, 2; 1925; Kennaway and Sampson, 1928]. Human 
voluntary muscle also, heated to 920° is very effectual (4 papillomata and 
12 cancers from 100 mice in 243 days). By these methods extremely active 
tars have been prepared by Twort and Fulton [1930] from turpentine and from 
pinene. 

t 

II. Products of the action of aluminium chloride upon tetralin. 

It was thought desirable to seek for carcinogenic compounds formed at 
lower temperatures. Accordingly the high-boiling mixture of compounds 
[Schroeter, 1920] obtained by the action of A1C1 3 upon tetrahydronaphthalene 
(tetralin) was examined; for the sake of brevity this mixture is spoken of here 
as “Schroeter,” (1) 220 g. tetralin were left at 37° for 18 hours with 7*5 % by 
weight of A1G1 3 , and then decomposed with water in the usual way. The oil 
was distilled over the free flame to remove tetralin (b.p. 204°) until the tem¬ 
perature in the neck was 270°; the clear viscid reddish-yellow residue was 
painted at first undiluted, later diluted with 2 vols. xylene, upon 30 mice. All 
were dead in 148 days, but one papilloma was produced, and the same material 
produced papillomata upon the ears of 2 rabbits. (2) A repetition of the ex¬ 
periment with two fresh batches of material prepared in the same way gave 
11 turnouts (8 cancers, 3 papillomata) in 20 mice in 256 days. (3) If a larger 
proportion of A1C1 3 (36 %) was allowed to act for a longer time (18 days) the 
product, applied at first undiluted and later diluted with an equal volume of 
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benzene, was no more active (13 cancers and 6 papillomata from 86 mice in 
292 days; the first tumour appeared on the 53rd day). (4) The residue from 
the action of 3 % A1C1 3 for 3 hours only, after distillation to 230° in the neck, 
gave no tumours. (5) The variability of commercial tetralin caused many 
difficulties; from some samples A1C1 3 produced little or no higher-boiling 
fraction. One of the most active preparations was made by Hieger from 
tetralin which he had converted into sulphonate and, after liberation, fraction¬ 
ated within very narrow limits (207*2° to 207*4°); this was then treated bv 
Schroeter’s method (2 % A1C1 3 for 9 hours at 65°) and then distilled at 15 mm. 
in nitrogen so as to give four fractions a, 6, c, d, each of which was painted in 
solution in benzene on 50 mice. The results were as follows: 

Fraction Papillomata Epitheiiomata 


a. Up to 205" 

b. 205-260° 

c. 260-320° 

d. Residue 


0 

3 

3 

2 


0 

10 

30 

0 


Evidently there was a considerable concentration of active substance in 
(c); the fluorescence spectrum of this fraction has been used extensively for 
comparison (see following paper). From this, and from some other experiments 
in which undistilled material has given negative results, it seems probable that 
the carcinogenic substance is produced by the heating in distillation, or at any 
rate is so increased in amount by this heating that it is able to produce tumours 
in mice (on the minimum concentration of such substances needed to produce 
cancer see Hieger [1929)). Hence the original object of these experiments, 
namely to produce carcinogenic substances at body temperature, may not 
have been attained. (6) Five similar series of experiments in which naphtha¬ 
lene, in place of tetralin, w 7 as acted on by A1C1 3 gave only 1 papilloma and 
1 cancer from 130 mice. 

The total yield of tumours produced by suitably prepared “ Schroeter” has 
been 118 cancers and 30 papillomata from 496 mice. Further chemical and 
spectroscopic experiments are in progress upon the products from a very pure 
tetralin made by the staff of Technical Research Works, Ltd,, to whom we are 
indebted for the great amount of care devoted to the preparation. 

Schroeter [1924J found in the products of the action of A1C1 3 (2 %) upon 
tetralin (6-10 hours at 50-70°) benzene, octahydroanthracene (oethracene), 
octahydrophenanthrene (octanthrene), a-phenyl-S-2-tetralvlbutane, and 2 : 6'- 
ditetralyl (the last two identified in the oxidised forms as «-phenyl-S-naphthvl- 
butane and 2 : 2'-dinaphthyl respectively). By the further action of A1C1 3 
upon oethracene, he obtained material yielding octanthrene, tetralin, and 
dodecahydrotriphenylene; from this he infers the production of some com¬ 
pounds (phenylene-6^‘-octhracenylbutane, tetralyloctanthrenylbutane) not 
isolated. 

As a control upon the results obtained with “ Schroeter,” 30 mice were 
painted with untreated commercial tetralin; from these, one epithelioma w r as 
obtained on the 132nd day. 100 mice were then painted with tetralin wriiich 
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had been purified by treatment with NaHS0 3 followed by rectification between 
204° and 206°; these yielded no tumours. Commercial tetralin may contain 
as much as 20 % of decalin; 10 mice which were painted with commercial 
decalin gave only a subcutaneous melanoma such as has occurred in various 
other series [cf. Twort and Twort, 1928], but no epithelial tumours. Dialin 
likewise gave negative results. The question whether the one cancer produced 
by commercial tetralin was due to an impurity, or to a special susceptibility of 
the mouse, must remain uncertain. 


III. Products of the action of aluminium chloride upon acetylene , xylene , 

and other substances. 

Hieger (unpublished observations) condensed acetylene by treatment with 
aluminium chloride at room temperature [Baud, 1900] and painted the non¬ 
volatile products, extracted in a Soxhlet with boiling benzene, upon mice. The 
difficulty of obtaining the material in quantity allowed of the painting of 
30 mice only, among which 1 epithelioma and 1 cystic tumour of doubtful 
nature occurred. Thus acetylene yields carcinogenic products both (a) when 
passed through a red-hot tube, and (b) when acted upon by A1C1 3 with exposure 
to no temperature higher than the boiling point of benzene. 

The products of the action of A1C1 3 upon various other substances (xylene, 
cholesterol, lanolin, sebaceous material from dermoids, human skin), of which 
some had given carcinogenic tars, were tested upon mice. All these gave 
negative results except the preparation from xylene, which yielded 1 papilloma 
and 1 cancer in 100 mice, and a papilloma upon the ear of a rabbit. High- 
boiling compounds, including apparently methylanthracenes, have been 
obtained by the action of A1C1 3 on xylene [Anschutz, 1886 ; Moore and Egloff, 
1917]. 

Compounds belated to naphthalene. 


In view of the ease with which carcinogenic substances are obtained from 
tetralin, various compounds derived from, or closely related to, naphthalene 
were tested (Table II); all gave negative results. Most of the substances named 
in Tables II and III were applied in benzene. Many of the compounds of low 
molecular weight ( e.g . phenylivocrotoriic acid, cyclohexene) named in Tables II 
and III were taken, not with any expectation that they were themselves car¬ 
cinogenic, but with the idea that they might serve as materials for synthesis 
in the skin of the mouse; this idea being suggested especially by the instance 
mentioned above, where an epithelioma arose in a mouse painted with tetralin 
only. 

Table II. 


1. Naphthalene. 

2. Naphthoylbenzoie acid. 

3. Naphthoic acid. 

4. Dinaphthylene dioxide. 

5. /LDinaphthyl ether. 

6. /?/9-Dinaphthyl. 


7. aa-Dinaphthyl. 

8. a-Phenylnaphthalene. 

9. ^-2-Tetroylpropionic acid. 

10. y-2-Tetralylbutyric add. 

11. Phenylwocrotonic acid* 
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Dinaphthylene dioxide was prepared because it has been stated to be an 
impurity which imparts the yellow colour to chrysene; the evidence for this 
seems quite insufficient, but the matter was too important to be left untested. 
In addition to the two dinaphthyls, crude reduction products (made by treat¬ 
ment with hydriodic acid and phosphorus) from both were tested in view of the 
presence of /?j8-ditetralyl in “Schroeter.” (8) was prepared by Hieger by the 
action of A1C1 3 upon C 6 H 5 Br and C 10 H 8 [Chattaway, 1893]. The distillates up 
to 342° containing the hydrocarbon were inactive, but the residue in the 
flask was strongly carcinogenic (6 cancers and 3 papillomata from 30 mice 
in 279 days); possibly a pyrogenous reaction had occurred producing com¬ 
pounds allied to those in “Schroeter.” (9) gave no tumours, but the un- 
crystallisable oil from which it separates produced in 3 mice out of 20 cystic 
dilatations of hair follicles of doubtful nature; the acid is prepared [Kroll- 
pfeiffer and Schafer, 1923] by the action of A1C1 3 upon tetralin and succinic 
anhydride, and hence may be accompanied by some compounds similar to those 
present in “Schroeter.” 

Other hydrocarbons and quinones. 

The following hydrocarbons, in addition to those named in the preceding 
tables, and quinones have been tested on mice. 


Table III. 


1 . 

Cyclohexane. 

8 . 

Oethracene. 

2 . 

Cyclohexene. 

9. 

Octhracenone. 

3. 

Styrene. 

10 . 

1 : 2-Benzanthracene. 

4. 

Hy drophenanthrene. 

11 . 

1 : 2-Benzanthraquinone. 

5. 

H ydrochrysene. 

12 . 

2 : 3-Tetrahydrobenzanthraecne. 

t). 

7. 

Hydroretene. 
Dodecahydrotriphenylene. 

13. 

Perylene. 


All the compounds named in Table III, except (10), gave negative results. 
(2) is extremely irritating to the skin, and should produce cancer if tk chronic 
irritation” in general were an essential factor in carcinogenesis. The three 
reduced hydrocarbons (4), (5) and (6) were made by the methods of Schmidt 
and Mezger, and Liebermann and Spiegel, which are stated to give an octa- 
hydrophenanthrene C 14 H 18 , a hydroretene C 18 H 30 , and a perhydrochrysene 
Ci 8 H 30 ; none of these was isolated in the pure state. (8), which is present in 
“ Schroeter/’ and its quinone were made by the method of Krollpfeiffer and 
Schafer [1923]. In addition to (7), the mixture of high-boiling compounds 
remaining when diphenyl is prepared from benzene and distilled off in the 
ordinary way, which is stated to contain benzerythrene and triphenylene, was 
tested with negative result. Diphenyl itself does not produce tumours (Bloch). 
Twort and Fulton report negative results at the time of writing with triphenyl¬ 
ene and dodecahydrotriphenylene. In a mouse of the benzanthracene series 
(50 mice) a well-developed papilloma appeared, which however was only 
transitory; but in the light of the subsequent results with dibenzanthracenes 

Biochem. 1930 xxiv 32 



502 


E. L. KENNAWAY 


this was probably a significant observation. Perylene (for which, together 
with the phenanthrene-9-carboxylic acid required to make (10) in Table IV, 
we are indebted to the British Dyestuffs Corporation) is still under test. 

The following hydrocarbons were synthesised by the methods of Clar and 
his fellow workers [1929] and of Fieser and Dietz [1929], and applied to mice, 
10 to 20 mice being used for each substance. The selection of these compounds 
for special study was due to the spectroscopic work of Hieger, which is described 
in the following paper. 


Table IV. 


Hydrocarbon 

1. 1:2:5: 6-Dibenzanthracene. 

2. 1:2:7: 8-Di benzanthracene 

3. 1:2:3: 4-Dibenzanthracene 

4. Mixture of isomers of (3), probably naph- 

tho-2': 3": 1 : 2-phenanthrene and 
naphtho-2': 3': 2 : 3-phenanthrene 

5. Naphtho-2': 3': 1 : 2-anthracene 

6. 7 : 7'-Dimethyl-(naphtho-2 / : 3': 1 : 2-an¬ 

thracene) 

7. Anthraceno-2 / : 1': 1 : 2-anthracene 

8. Anthraceno-l' : 2' : 1 : 2-anthracene 

9. 3'-Methyl-l : 2 : 5 : 6-di benzanthracene 

10. 1 : 2 : 3 : 4 : 5 : 6-Tribenzanthracene 

11. 2:3:8: 9-Di-[naphtho-l : 2']-chrysene 


Solution 

Saturated, in benzene (less than 1 %) 
Saturated, in benzene (less than 2 %) 
Saturated, in benzene (less than 1 %) 
Nearly saturated, in benzene 


1 % in benzene 
1 % in benzene 

Saturated, in xylene 

Saturated, in xylene 

Saturated, in benzene (less than 0-5 %) 

0-3 % in benzene 

Suspensions in tetralin and in oleic acid 


Most of these were not highly purified, as this may require as many as 
twenty recrystallisations (Clar) involving considerable loss; but the preparations 
used should suffice to show whether the hydrocarbon in question is not 
carcinogenic. All the syntheses except that of (5), which involves a Grignard 
reaction, depend upon the action of A1C1 3 to produce the intermediate ketone. 
(10) and (11) were prepared by J. W. Cook. The compounds, except (7), (8) 
and (11), were dissolved in benzene for painting; the concentration was not in 
all cases the same but was dependent upon the amount available, and upon the 
solubility, of the compound. Sometimes the mother-liquor of the final re¬ 
crystallisation was used, to economise material. (7) and (8) are very little 
soluble in lower boiling solvents, and were applied as the dilute saturated 
solutions in xylene; this is an undesirable solvent, as it produces considerable 
irritation and roughness, and occasional transient papillomata, in the skin of 
the mouse. (11), which is still more insoluble is applied in suspension in 
Uetralin and in oleic acid. Some of these substances have at the time of writing 
(February, 1930) been applied to mice for a short time only. 

10 mice were painted with (2). A mouse which died on the 203rd day 
showed changes suggesting the early stages of a papilloma. On the 169th day, 
one of the 6 mice surviving bore a papilloma; the animal was killed on the 
223rd day, and the tumour was found to be clearly malignant, showing in¬ 
vasion of muscle over a wide area. Another mouse showed a papilloma on the 
222nd day; the tumour grew rapidly, and when the mouse was killed a month 
later showed obvious invasion of muscle. At the date of writing (252nd day), 
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of the 2 surviving mice, one bears a papilloma, the other shows no tumour. 
Thus 2 cancers and 1 papilloma have been obtained in the series of 10 mice. 
10 mice were painted with (1). On the 232nd day, 1 of the 3 mice surviving bore 
a well-developed papilloma which is growing at the present date; none of the 
others shows a tumour. (1) and (2) are almost identical in some physical 
properties, differing by about 1° in melting point. 

The preparation of (2) used for painting should be fairly pure, being ob¬ 
tained from the mother liquor of crystals giving a very sharp melting point 
(260-260*5°). All such results of course require confirmation with very pure 
material. The sample of (1) applied to mice was less pure than that of (2). 
These are the only instances in all the experiments described in this paper in 
which, as yet, cancers have been produced by a preparation of a fairly high 
degree of purity, for commercial tetralin, which caused one tumour, certainly 
could not be described in this way. The dibenzanthracenes can be only weak 
carcinogenic agents, for the incidence of tumours is low and the precancerous 
period long, but the result is an indication for further experiments, which are 
in progress 1 . Apparently neither benzanthracene nor any of its derivatives have 
been found, and perhaps have not been sought for, in coal tar, and we are at 
present examining tar, and the products of the action of A1C1 3 upon tetralin, 
for such compounds. It is quite possible that there are, among the many com¬ 
pounds still undiscovered in coal tar, derivatives of benzanthracene or of 
chrysene which are far more powerfully carcinogenic than any known sub¬ 
stances. 

A number of new hydrocarbons (1 -phenylanthracene, 2-phenylanthracene, 
3-methyl-1 : 2-benzanthracene, 10-benzyl-l : 2-benzanthracene, 6-phenyl-l : 2- 
benzanthracene, 9: 10-diphcnyl-l : 2-benzanthracene, acenaphthanthraeene, 
10-benzylacenaphthanthracene, 4'-methyl-1 : 2 : 7 : 8-dibenzanthracene, 2 : 3- 
benzo-8: 9-[l': 2'-naphtho]-chrysene) have been synthesised by J. W. Cook 
in this laboratory, by methods which he will describe in the Journal of the 
Chemical Society ; all these compounds are being tested on mice. 

Summary. 

1. Carcinogenic products have been obtained by the action of aluminium 
chloride upon (a) acetylene, ( h) xylene, (c) naphthalene, ( d ) naphthalene and 
bromobenzene, and (e) tetrahydronaphthalene. Of these ( d) and (e), under 
the conditions described, give the most active materials. 

2. Two cancers have been obtained in a series of 10 mice painted with a 
solution of a fairly pure specimen of 1 : 2 : 7 : 8-dibenzanthracene. 

1 (Note added at correction of proof,) Two more cancers have been obtained from the mice of 
the 1:2; 7; 8-dibenzanthracene series; thus the last four of the 10 mice painted with this 
material have all given cancers. The experiments will be repeated with a sample of the 
hydrocarbon freed completely from yellow colouring matter. The last four of the 10 mice 
painted with impure 3'-methyl-l:2:5:6*dibenzanthracene have developed papiUomata. 
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LVIII. THE SPECTRA OF CANCER-PRODUCING 
TARS AND OILS AND OF RELATED 
SUBSTANCES. 

By IZRAEL HIEGER. 

From the Cancer Hospital Research Institute , London. 

(Received March 3rd , 1930.) 

THrs work deals with the application of optical methods to the identification 
of the cancer-producing agent present in tars and oils. The chemical separation 
of the cancer-producer will prove difficult since tars and oils are exceedingly 
complex mixtures, but the search has been narrowed by various investigations 
(see references in preceding paper) which suggest that the active agent is 
among the aromatic hydrocarbons with condensed rings. These compounds, 
represented by anthracene, possess the property of fluorescing intensely when 
exposed to ultra-violet light and the results and opinions expressed here are 
based on an examination of the fluorescence spectra and ultra-violet absorption 
spectra of several hundred substances, in part pure compounds, in part 
mixtures. 

Experimental. 

A quartz mercury vapour lamp (Kelvin, Bottomley and Baird) was used 
as a source of ultra-violet light. The lamp stood in an asbestos box in one side 
of which was a Wood’s glass window enclosed by a fish-tail shaped tube, 3 cm. 
in diameter. Only filtered ultra-violet light emerged from the flattened 
aperture of the tube. The solutions were examined in corked tubes of non- 
fluorescing “monax” glass 70 x 6 mm. and of egg-shell thickness. The tube 
was clamped directly in front of the fish-tail aperture so as to prevent almost 
completely the escape of the exciting radiation. The spectroscope (Hilger, 
no. E 31) was placed with its slit about 1 cm. from the fluorescence tube and 
the axis of the collimator tube made an angle of about 80° with the normal of 
the incident rays. Such an arrangement reduced the tendency for the reception 
of the spectrum of the incident light reflected from the surface of the glass tube. 
The best position for the spectroscope was found by removing the plate holder 
and placing the eye in the focal plane and at a point corresponding with the 
focussed image of the visible part of the spectrum. A disc of bluish-green 
fluorescing light suddenly comes into view when the spectroscope is very slowly 
rotated about its central axis, indicating the optimal angle. For this sort of 
photography the extremely fast panchromatic plates now available possess no 
advantage over the panchromatic plates of ordinary speed. Correct exposure, 
determined by trial, varied from 5 seconds to an hour or more. 
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It is often difficult to avoid photographing the reflected spectrum of the 
incident light especially when the exposure is prolonged; the reflections appear 
as curious parabolic blurs, or as multiple fine lines, or as heavy fogging in the 
short wave-length region of the spectra. 

Specificity of fluorescence spectra . 

Fluorescence spectra do not distinguish between some of the aliphatic meso- 
derivatives of anthracene; 9-methylanthracene and 9-benzylanthracene give 
almost identical spectra. On the other hand the spectra of aa-dinaphthyl and 
/}/?-dinaphthyl can be easily distinguished. This experiment indicates the 
possibility of identifying closely related isomers. Commercial diphenylmethane 
is brightly fluorescent when appropriately excited, and its spectrum is identical 
with that of anthracene, but if diphenylmethane is synthesised in the laboratory 
the fluorescence is so faint that a 20 % solution of this hydrocarbon is as weakly 
fluorescent as a 0-002 % solution of anthracene. Such an experiment illustrates 
the use of a method of spectrum analysis in the detection of traces of highly 
fluorescent substances in the presence of large quantities of others not, or 
weakly, fluorescent. 

Effect of substitution on fluorescence spectra. 

When anthracene is substituted in the a- or /3-position by Cl or CH 3 there is 
a shift of the spectrum in the direction of longer wave-length, the relative 
position of the bands and their general appearance remaining unchanged. But 
a tetramethylanthracene shows a spectrum only slightly different from that 
of the monomethyl derivative. This instance lends no support to any idea of 
proportionality between the amounts of substitution and of spectrum shift. 

When the meso-hydrogens of anthracene are substituted by aliphatic groups 
like methyl or benzyl the spectrum resembles the ordinary three-banded 
anthracene spectrum, but in the spectrum of meso-phenyl- and meso-naphthyl- 
anthracene the resemblance falls off and in raeso-diphenylanthracene is gone. 
Benzene has been shown to possess fluorescence bands themselves situated in 
the ultra-violet region, and on general principles it may be justifiable to con¬ 
clude that the curious spectrum of 9: 10-diphenylanthraeene is in part, at 
least, due to its behaviour as a compound which can be regarded as anthracene- 
substituted benzene. Some of the methylated polybenzanthracenes give 
fluorescence spectra identical with that of the parent polybenzanthracene. One 
of these is represented in Plate III (no. 278, 1:2:5: 6-dibenzanthracene). 
Probably the disproportion in relative mass of the small methyl group and the 
large di benzanthracene nucleus accounts for the stability of the spectrum. 

Effect of concentration , solvent, and irradiation . 

Strong and weak solutions of 9:10-dibenzylanthraceneand 9: 10-dimethyl- 
anthracene give slightly different spectra, but this effect has not been observed 
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with varying dilutions of other compounds where the concentrations were 
chosen at random. The concentration effect observed with these two anthra¬ 
cene derivatives is perhaps the result of a swamping action of one band upon 
another connected with their remarkably powerful fluorescence; one part in 
two hundred million of solvent still shows fluorescence. 

Whether the solvent has any influence on the nature of the fluorescence has 
been tested in only one case. Solutions of AlCl 3 -treated tetralin in chloroform, 
light petroleum, and alcohol gave identical spectra. 

When the chloroform solution of AlCl 3 -treated tetralin was exposed to 
ultra-violet light for more than about 30 minutes, the beautiful violet-blue 
fluorescence slowly changed to a pale grey-blue. Solutions of the tetralin 
preparation in light petroleum and alcohol can be irradiated for 3 hours without 
the least change in the original colour or spectrum. Fading effects are also 
observed with xylene solutions of stilbene and with a chloroform solution of 
a mixture of naphthacene and dihydronaphthacene. The fading of chloroform 
solutions led to the use of light petroleum as a more inert solvent and later to 
the use of benzene, because of the insolubility in light petroleum of some of the 
more complex hydrocarbons. 

Spectra of cancer-producing s ubstances , and especially of that obtained 

from tetralin . 

Among the first few substances to be examined were some cancer-producing 
tars and oils, a number of which show similar bands (see Plate III). The bands 
were in position 4000, 4180, 4400 A., sharply defined on the short wave-length 
side, and grading less abruptly into the background on the long wave-length 
side. Such graded bands will be referred to as “fluted.” 

For purposes of comparison, we have found it necessary to use a pair of 
dividers to contrast or compare spectrum bands on the paper photographs 
with one another or with the standard 4000, 4180, 4400 A. bands or with the 
benzanthracene bands, the importance of which is discussed later. We have 
used the very strong 3680 Hg line as a suitable fixed wave-length from which 
measurements can be made. In Plates III and IV the photographs have been 
so arranged that the 3680 Hg lines of the spectra are in alignment. 

For the comparison of spectra on glass plates, the method used is simply 
to superimpose a test plate on the standard 4000,4180,4400 spectrum plate, or 
on the standard benzanthracene spectrum plate. The five variables consist of 
number and nature (fluting) of bands, absolute wave-length of bands, their 
position relative to one another and their individual intensity. 

An interesting cancer-producing substance is that obtained as the high- 
boiling fraction from the mixture resulting from the action of A1C1 3 on com¬ 
mercial tetrahydronaphthalene (tetralin). This type of reaction and the study 
of the products as carcinogenic agents are described in the preceding paper. 
Tetrahydronaphthalene is allowed to react with 2 % A1C1 3 for 9 hours at 65°, 
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the crude mixture decomposed with water, dried and fractionated. The fraction 
distilling at 260-320° at 14 mm. is a powerful cancer-producing agent even in 
concentration of only 4 %. It is a clear viscid syrup, yellow or orange in 
colour, and intensely fluorescent; one part in 40 millions of ether can still be 
distinguished from pure ether. The fluorescence spectrum is very sharply 
defined and identical with the spectrum so frequently found in cancer-pro¬ 
ducing tars and oils. One or two of the numerous subsequent batches of the 
260-320° fraction did not give spectra exactly like the standard. One of these 
aberrant spectra was given by a fraction made from tetralin, prepared by 
Technical Research Works, Ltd., by a method which ensures that the final 
product is free from decalin; but the usual 4000, 4180, 4400 A. spectrum was 
obtained from the 260-320° fraction prepared from pure tetralin made by 
another method, namely the sulphonate separation from commercial tetralin. 
The former of these preparations is under test on mice; the latter was car¬ 
cinogenic. 

The possibility must be considered that the substance responsible for the 
bands may not be identical with the cancer-producer but is some closely allied 
compound, frequently, if not invariably, produced when the cancer-producer 
is formed, either by low temperature catalysis or at high temperature. The 
carcinogenic agent in tars and oils may be only one of a group of such com¬ 
pounds. 

The very frequent recurrence of the 4000, 4180, 4400 A. bands in carcino¬ 
genic agents and the delicacy and class specificity (see previous section and 
Plates III and IY) of the fluorescence test justify the use of the fluorescence 
spectrum to indicate the probability of carcinogenic activity and to assist in 
directing the preparation of appropriate hydrocarbons. The test on mice is, 
of course, necessary for conclusive proof. 

The fluted bands (4000, 4180, 4400 A.) are shown more distinctly by A1C1 3 - 
treated tetralin [see Kennaway, 1930] than by any other cancer-producing 
substance. Now very similar bands are given by 1: 2-benzanthracene; these 
bands also are strongly fluted and only in their absolute position in the wave¬ 
length scale do they differ from the 4000, 4180, 4400 A. bands. 

On generally accepted grounds one would expect that it might be possible, 
by increasing the mass of the benzanthracene molecule by suitable substitution, 
to produce a compound with a corresponding shift of the spectrum in the 
direction of increased wave-length possessing a spectrum with bands at 4000, 
4180, 4400 A. To this end a number of benzanthracene derivatives have been 
made in this laboratory; many of the new compounds have been synthesised 
by Dr J. W. Cook (see Plate III). A compound with a fluorescence 
spectrum intermediate between those of 1 : 2-benzanthracene and A1C1 3 - 
treated tetralin, namely, 1:2:7: 8-dibenzanthracene, has yielded 2 cancers 
in 10 mice. 

A spectrum having bands at 4000, 4180, 4400 A., has been obtained from 
the following cancer-producing materials (Plate IV). 
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Table I. 


A62"' Gas works tar made at 1250° 

A02' Gas works tar made at 450° 

85 Low temperature tar, 350° 

A48 Creosote oil 

A22 Green oil 

A32 Anthracene oil 

A21 Pitch distillate 

A19 Heated Californian petroleum 

A4 Acetylene tar 

A72 Yeast tar 

A73 Muscle tar 

A25 Cholesterol tar 

A23 Hair tar 

101 A1C1 3 - treated tetralin 

100 1 % gas works tar 

A3 Ether extract of gas works tar 

A8 A1C1 3 -treated naphthalene 

244 Residue from preparation of a-phenylnaplithalene 

One of the weakest of these agents was the tar made from human hair, 
which produced 2 cancers in 94 mice. The ether extract of gavS works tar and 
a 1 % dilution of this (A8 and 100) were used in a quantitative study of the 
effect of dilution on cancer-producing activity [Hieger, 1929]. 101 is the 
“Schroeter ” described in the preceding paper. The bands in AS are extremely 
faint, and the material was feebly carcinogenic, producing 1 cancer in 50 mice. 
244 requires special mention. It was strongly carcinogenic and gives the bands 
at 4000, 4180 and 4400 A., together with another band of shorter wave-length. 

The following materials gave a diffuse spectrum covering very roughly the 
whole area 4000-4400 A. without differentiation into bands (Table II and 
Plate IV). 

Table II. 

A14 Shale oil (blue oil) 

A16 Refined lubricating oil 
A18 Blast furnace tar 

A31 IJnheated Californian petroleum 

A50 Pitch (medium soft) 

A82" Gas works tar 600° 

86 Spindle oil 

Of these A14, A50, A62" and 80 are carcinogenic. Al(> and A18 were in¬ 
active. A31 yields when heated a strongly carcinogenic material A19 (Table I). 

Only one material giving no bands in the region in question has produced 
a tumour, namely commercial tetralin (A6) which gave 1 cancer in 30 mice 
(see preceding paper). 

The 32 hydrocarbons of which the fluorescence spectra are shown in 
Plate III fall into three classes. 


(1) Those, 20 in number, which are still under test for carcinogenic activity. 

(2) Those which have hitherto been found to be non-carcinogenic (see 
Table I in preceding paper); namely, anthracene, phenanthrene, fluorene, 
aceriaphthene, pyrene, triphenylene, /J/J-dinaphthyl, naphthacene and di- 
hydronaphthacene. None of these gives the bands shown by the carcinogenic 
substances in Table I. Picene (a pure specimen obtained through the kindness 
of Dr Chattaway) gives two bands with rather diffuse edges, and of shorter 
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wave-length than 4000 and 4180 A. It was tested here on 30 mice in suspension 
in dermoid oil; further tests will be made with it in other media. 

(3) Those which have given tumours. Chrysene (445) which has produced 
cancers and papillomata in the experiments of Twort and Fulton [1930], but 
not in this laboratory, gives a spectrum very similar to that of 1 : 2-benzan- 
threne, but displaced considerably towards the region of shorter wave-length. 
1: 2-Benzanthracene gave 1 transient papilloma in 50 mice. 1: 2 : 7 : 8- 
Dibenzanthracene has given 2 cancers in 10 mice 1 ; it is noteworthy that the 
spectral bands of this compound lie about half-way between those of 1 : 2- 
benzanthracene and those of AlCl 3 -treated tetralin and the other carcinogenic 
materials. 

The following materials gave the same spectrum (Plate IV) as those in Table I, 
but did not produce cancer; /3-tetroylpropionic acid mother-liquor (A26), un¬ 
distilled AlClg-treated tetralin (A100), benzyl oleate (60), oleic acid (207). One 
may suggest two possible explanations for these discrepancies. (1) That the 
effect of the A1C1 3 on tetralin is only to prepare an intermediate substance 
which is rendered carcinogenic during distillation. It would be interesting to 
see if tetralin heated (under pressure) to the temperature of distillation of the 
AlClg-treated mixture became carcinogenic. It is conceivable that the spectrum 
(bandsat 4000, 4180, 4400 A.) is produced by the precursor of the carcinogenic 
agent. (2) Since many of the derivatives of anthracene remain fluorescent 
when diluted to one part in 200 millions of solvent it is possible that the minute 
quantity of active substance present may be sufficient for the fluorescence test 
yet be well below the carcinogenic threshold. Benzyl oleate gave no tumours 
in an experiment on 20 mice, although Twort and Twort [1928] obtained 
several papillomata in mice with oleic acid. 

Absorption spectra. 

AlClg-treated tetralin showed two bands at about 3700 and 3900 A. and 
between these limits of wave-length the curve exactly followed the absorption 
curve of benzanthracene. 

Summary. 

The fluorescence spectra of many cancer-producing substances show the 
same bands at wave-lengths 4000, 4180, 4400 A. These bands are remarkably 
like those of the fluorescence spectrum of 1: 2-benzanthracene, apart from 
their absolute wave-length. A study of the fluorescence spectra of a large 
number of condensed ring aromatic hydrocarbons shows that the spectrum is 
characteristic for closely related derivatives of a hydrocarbon. Absorption 

1 (Note added at correction of proof.) Two more cancers have been obtained from the mice of 
the 1:2:7:8-dibenzanthracene series; thus 4 of the 10 mice painted with this material have 
given cancers. Four of the 10 mice painted with impure 3'-methyl-1:2:5: 6-dibenzanthracene 
have developed papillomata and papillomata have been obtained in 1 mouse from the series of 
10 painted with 1:2:5:6-dibenzanthracene. 
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spectra in the ultra-violet also indicate, so far as the experiments have been 
carried, some connection between at least one powerfully cancer-producing 
material (i.e. the fraction boiling at 260-320°/14 mm. from the mixture ob¬ 
tained by the action of A1C1 3 on commercial tetrahydronaphthalene) and 
1 : 2-benzanthracene. 

The author is indebted to the British Empire Cancer Campaign for a re¬ 
search grant; to Prof. Leitch,the Director of this Institute, for the use of its 
facilities; to Dr Kennaway, who supervised the animal experiments; to 
W. V. Mayneord, who photographed many of the spectra; to Dr E. de Barry 
Barnett, for the loan of specimens of pure hydrocarbons; and to Dr J. W. Cook 
for a number of pure synthetic compounds. 
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LIX. OXIDATION-REDUCTION POTENTIALS 
OF CULTURES OF HAEMOLYTIC 
STREPTOCOCCI. I. 

By LESLIE FRANK HEWITT. 

From the Belmont Laboratories (M.A.B.), Sutton , Surrey . 

{Received March 4th , 1930.) 

Haemolytic streptococci can multiply over a wide range of conditions of 
oxygen supply from almost complete anaerobiosis to full exposure to the air, 
as on the surface of an agar slope. This ready adaptation to different con¬ 
ditions must involve changes in metabolic activity and biological behaviour. 
The measurement of oxidation-reduction potentials is the most direct method 
of following some of the effects of environmental conditions on the metabolic 
processes of the organisms. 

When an “unattackable electrode” is immersed in a solution containing 
a reversible oxidation-reduction system a potential difference is set up at the 
electrode, and this potential may be shown, by simple thermodynamic 
reasoning, to be dependent on the proportion of oxidised and reduced forms 
of the substance studied. The potential of the normal hydrogen electrode is 
taken as the standard of reference and to this is ascribed the value of zero 
potential difference. An electrode potential referred to this standard is 
designated Eh and is measured in volts. The higher the oxidising intensity of 
a system the more highly positive is the Eh, and the more highly reducing 
a system the more negative is the Eh. An essential point to be remembered 
is that electrode potential, like temperature and p B , is a measure of intensity 
level and not of capacity. 

Bacterial cultures develop reducing tendencies during growth as shown, 
for example, by the decoloration of methylene blue. It would seem therefore 
that oxidation-reduction indicators might be employed for the determination 
of oxidation-reduction potential, in the way that p H indicators are used for 
the determination of hydrogen ions. There are, however, certain disadvantages 
in the use of oxidation-reduction indicators, particularly in bacterial cultures. 
One disadvantage is that the oxidising capacity of the indicator is frequently 
great compared with the reducing capacity of the system, so that the bacterial 
culture is oxidised by the dye and the equilibrium is thereby displaced. 
Another disadvantage is the time taken for the dye to come into equilibrium 
with the system, which, in the case of bacterial cultures, is itself constantly 
changing. A further disadvantage is the participation of the dye in the 
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system and its possible toxic action on the organisms. Continuous readings 
cannot be made with a toxic dye; moreover, the killed organisms may have 
a different effect on the electrode potential of the medium. It is considered 
essential therefore to make direct determinations of the electrode potentials 
of bacterial cultures. 

Gillespie [1920], who was particularly interested in the behaviour of water¬ 
logged soils, first noted the steady drift towards negative potentials in bacterial 
cultures. This was confirmed by Cannan, Cohen and Clark [1926], and by 
Fildes [1929] who found that a certain limiting reduction potential is necessary 
for the germination of tetanus spores. 

The present communication is the outcome of some work carried out with 
Dr E. W. Todd in connection with the biological behaviour of haemolytic 
streptococci under different cultural conditions. The purely bacteriological 
aspect of the subject will be dealt with by Dr Todd in a communication shortly 
to be published. 

The conditions of cultivation were found to have a marked effect on the 
electrode potential-time curves of the cultures and the results obtained are 
reported with the minimum of comment until it is felt that chemical inter¬ 
pretations and biological implications are substantiated. 

Methods. 

The oxidation-reduction potentials of bacterial cultures are generally not 
well poised, so that it is essential to avoid polarisation effects. For this reason 
and for rapidity of measurements the Lindemann electrometer proved an 
excellent instrument for determining the null-point of potentiometric balance. 
Measurements were facilitated by the use of a series of single-pole, double¬ 
throw knife switches for connecting each individual cell and a double-pole, 
double-throw switch for reversing the connections to the potentiometer. 

Glass double-limbed cells placed in wooden blocks were used, and, in 
some experiments, the cultures were kept in a state of agitation and aeration 
by using the three-limbed tube shown on the left in Fig. 1. The central tube 
was connected by rubber tubing to Ridley’s [1928] mixing apparatus. In this 
way the cultures were alternately drawn up and depressed in the central tube, 
both the rate of movement and extent of excursion being readily adjusted. 
An agar-KCl bridge dipped into one limb of the culture-cell and into a vessel 
containing saturated KC1 solution into which also a 3*5 N KCl-calomel 
electrode dipped. Both gold wire and gold foil electrodes proved unreliable, 
so that platinum wires sealed into glass tubing were used and these gave 
steady reproducible readings. Some irregular results were explained by the 
discovery of a cracked electrode which caused direct electrical contact of 
mercury with the culture medium. Eight cells and the calomel electrode were 
placed in the incubator (at 37-38°) and the leads from these ran to the series 
of knife switches outside the incubator and thence to the potentiometer and 
electrometer. The glass apparatus was plugged with cotton-wool, sterilised in 
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hot-air and assembled with aseptic precautions. 8 cc. of medium were placed 
in each cell and the inoculum was 0*1 cc. of a 16-hour culture of the well- 
known “Aronson” strain of haemolytic streptococci. The purity of the 
cultures after experiment was confirmed by film preparations and agar plate 
cultures. Half-hourly readings were taken for the first 12-14 hours of 
incubation. 


Connection to 



Fig. 1. Arrangement oi apparatus in incubator. 



Fig. 2. Freshly boiled broths. 

Results. 

Tryptic-digest and peptone-infusion media (Fig. 2). 

Horse-flesh infusion broth, containing 2 % of Difco peptone, and Douglas’s 
tryptic-digest broth were used. The digest broth had a slightly lower initial 
electrode potential, but the potential of cultures in this broth fell more slowly 
and did not reach as low a level as in the infusion broth. The curves suggest 
more opposition to reduction processes in the digest medium end there is 
some indication of reduction in two stages. Further differences between the 
two kinds of broth will become apparent in later sections. 
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Effect of exclusion of air (Figs. 3 and 4). 

When access to air of an infusion broth culture is prevented by sealing 
with melted vaselin the potential falls rapidly at first but subsequently more 
slowly, reaching eventually the same value as that reached in aerobic cultures. 

In sealed tryptic-digest broth cultures the potential falls as rapidly as in 
aerobic cultures and reaches a lower level than that of aerobic cultures in the 
same broth. 



0 2 4 6 8 10 12 14 16 18 20 22 24 26 


Time (hours) 

Fig. 3. Peptone-infusion broth. 



Time (hours) 

Fig. 4. Tryptic-digest broth. 

Aerobically much lower potentials are reached in infusion broth but in 
the absence of air practically the same potentials are reached in infusion 
broth and tryptic-digest medium. This suggests an oxygen-carrying effect in 
tryptic-digest medium effected by substances liberated during tryptic diges¬ 
tion in the preparation of the medium. This phenomenon will be considered 
in more detail in a later section on the effect of serum. 
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Effect of freshly boiled medium (Figs. 3 and 4). 

Tubes of broth were immersed in a boiling water-bath for 30 minutes and 
cooled immediately before inoculation. The electrode potential of the broth 
was reduced 30-100 millivolts by this treatment, and the potentials of cultures 
fell more rapidly and reached lower levels in freshly boiled broth. In a culture 
in freshly boiled infusion broth Eh — 0*1 volt was reached in 5 hours, whilst 
11-5 hours were required to reach this potential in untreated broth. With 
tryptic-digest medium, boiling had less effect on reduction processes, but the 
potential rose much more rapidly after the phase of active proliferation in the 
freshly boiled medium (see Fig. 4). This facilitation of reduction effects and 
acceleration of oxidising effects by boiling the medium presents analogies to 
the expression of water from a sponge and the subsequent rapid re-absorption. 

Effect of aeration (Figs. 3 and 4). 

Aeration was effected by Ridley’s [1928J apparatus, the cultures being 
alternately raised and depressed in cells of the type shown on the left-hand 
side of Fig. 1, fresh surfaces of the culture thus being constantly exposed to 
the air. When aerated in this way the potentials of cultures fell very slowly 
and did not reach the low levels observed in stationary aerobic cultures, and, 
after the phase of active growth, the potentials rose rapidly, in some cases 
reaching values corresponding to the formation of peroxide. 

In freshly boiled broth the potentials rise much more rapidly after the 
phase of active growth, particularly in tryptic-digest media, thus providing 
a further example of the “sponge effect” already mentioned. 

Effect of peroxide (Fig. S'). 

When an abundant supply of oxygen is.available, haemolytic streptococci 
may form peroxide, and this has a marked effect on the oxidation-reduction 
potential. In saline 0-02 % hydrogen peroxide has Eh 4* 0*52 volts. When 
peroxide was formed in aerated broth cultures (as detected by the benzidine- 
peroxidase test) the Eh registered between + 0*46 and + 0*5 volt according 
to the amount present. The upper curve in Fig. 5 shows the potentials observed 
in a tryptic-digest broth culture to which 0*007 % hydrogen peroxide was 
added before inoculation. It will be observed that there is a lag period before 
the potential commences to fall appreciably. After this period, when the 
peroxide has disappeared, the potential-time curve is almost identical with 
that of a plain tryptic-digest broth culture inoculated about 24 hours later 
than the peroxide culture. Incubation of the culture with the peroxide for 
some 8 hours appears not to have any appreciable effect on the organisms 
since the usual potential-time curve is obtained. This is in agreement with 
observations made on B. sporogenes [Quastel and Stephenson, 1926]. 
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Fig. 5. Unboiled tryptic-digest broth. 



Time (hours) 

Fig. (i. Peptone-infusion broth. 

Effect of serum (Fig. 6). 

The presence of serum has a remarkable effect on the potentials reached 
by aerobic cultures of haemolytic streptococci. In aerobic 50 % serum-broth 
(peptone-infusion medium) the potential does not fall below Er -f- 0-05 volt 
despite the very luxuriant growth, whilst in plain peptone-infusion broth the 
potential drops to below — 0*15 volt. The same effect on the potential was 
obtained when separated serum-proteins were used instead of native serum. 
Serum-proteins were prepared by three precipitations by means of sodium 
chloride and acetic acid, dissolving in water, dialysing to remove excess salt, 
adjusting the reaction and making up to the original volume of serum. 

When 50 % serum-broth cultures were sealed with vaselin the potential 
fell to the same level as that reached in aerobic plain broth cultures (i.e. some 
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200 millivolts lower than in aerobic serum-broth cultures). Evidently, then, 
serum has an oxygen-carrying effect in the presence of air, and this is due to 
the serum-proteins. This oxygen-carrying effect may be ascribed tentatively 
to the sulphur-containing groups in the protein molecule. The mechanism of 
oxidation of a substance, BH 2 , in the broth in the presence of protein, 
PrS. SPr may be represented as follows: 

PrS.SPr + BH 2 - 2PrSH + B 
and in the presence of air 

2PrSH + J0 2 -> PrS.SPr + H 2 0. 

In a sealed culture without access to atmospheric oxygen this oxygen¬ 
carrying effect could not continue—thus conforming to the experimental 
results. 

It will be recalled that tryptic-digest broth possesses this oxygen-carrying 
effect to some degree and it would seem possible that, during the tryptic 
digestion in the preparation of the medium, sulphur-containing compounds 
are brought into solution, thus conferring the oxygen-carrying effect on the 
broth. 

Effect of sulphur compounds (Figs. 7 and 9). 

In view of the participation of sulphydryl compounds in biological oxida¬ 
tion-reduction systems [Hopkins and Dixon, 1922; Meyerhof, 1923] and the 
oxygen-carrying effect of serum, the influence of two compounds containing 
the —S.S— linking on the potentials has been studied. 



In aerobic broth cultures containing 0*02 % (approximately) of cystine 
(see Fig. 7) the potential falls at first and then there is a very flat portion of 
the potential-time curve, after 4 to 6 hours’ growth, just as with serum- 
proteins (Fig. 6). Ip sealed 0*02 % cystine-broth cultures there is a rapid 
initial fall of potential, but the level reached is not as low as in sealed serum- 
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broth cultures. A distinct similarity can be traced between the effect of 
serum and of cystine but the differences suggest the co-existence of some 
other effect. 

Since cystine is relatively insoluble, the influence of thiodiglycollic acid 
was studied (Fig. 8). In 0*05 % thiodiglycollate-broth there is again the flat 
portion of the curve after 4 to 6 hours’ growth in aerobic cultures and the 
rapid initial fall in sealed cultures. In addition, in the sealed cultures a 



Time (hours) 

Fig. 8. Freshly boiled infusion broth. 



Fig. 9. Freshly boiled infusion broth. 

potential some 50 millivolts more negative is reached than in the aerobic 
cultures. We have here, therefore, direct evidence of the oxygen-carrying 
effect of sulphur compounds and support for the hypothesis that these may 
account for the influence of serum on the potentials reached in cultures. That 
the effects observed are not absolutely identical may be due to the different 
range of effect of sulphur compounds when combined in the protein molecules, 
or to the effect of other constituents of the protein complex, e.g. lipins [Lepper 
and Martin, 1929], 

Effect of glucose (Fig. 9). 

In 1 % glucose-broth cultures the electrode potential falls very rapidly 
for about 5 hours and then suddenly rises 3ome 100 millivolts. This is followed 
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by a slight fall in potential and then a gradual increase. Acid is produced in 
glucose-broth cultures about the time of the sudden rise in potential, and 
although the direct effect of p H on the electrode potential is most probably 
insufficient completely to account for the phenomenon, this, together with 
the indirect effect of the acidity on the constituents of the culture may explain 
the effects produced. When air is excluded by a vaselin seal the potential in 
glucose-broth cultures falls more slowly than in aerobic cultures. This sur¬ 
prising result suggests that oxygen is required for the rapid development of 
high reduction potentials. Since the first stage of glucose fermentation (to 
lactic acid, etc.) proceeds anaerobically it would seem that the oxygen is 
required either for the utilisation of food-stuffs in the broth, or for utilising 
lactic acid, etc. if these are utilised by the streptococcus. When glucose-broth 
cultures are aerated vigorously growth is very luxuriant but the potential 
falls only to a very limited extent (some 100 millivolts compared with 450 
millivolts in aerobic plain broth cultures). After the cessation of active 
proliferation the potential rises very slowly and does not reach the high 
oxidation potential reached in aerated plain broth; glucose or its breakdown 
products apparently opposing oxidation processes. Dubos [1929] has sug¬ 
gested that reductive conditions are necessary for active proliferation, but 
the high potential maintained in aerated glucose-broth cultures is accom¬ 
panied by luxuriant growth, so that the reaching of a high reducing potential 
does not seem essential. Also in anaerobic sealed cultures, where there is 
little oxygen to oppose reduction processes, the potentials indicate a slower 
establishment of intense reducing conditions than in aerobic cultures, again 
suggesting that the organisms do not favour highly reducing conditions. 

Effect of intermediate fermentation products (Figs. 10 and 11). 

The effects of 1 % of the sodium salts of lactic acid, succinic acid and 
fumaric acid on the potentials of broth cultures of haemolytic streptococci 
are shown in Figs. 10 and 11. In aerobic cultures the potential falls rapidly— 
most rapidly with succinate and least so with fumarate broth cultures. When 
sealed with vaselin the potential falls very slowly in 1 % fumarate broth, 
somewhat more rapidly in broth containing both 1 % fumarate and 1 % 
succinate and still more rapidly in 1 % fumarate-, 1 % lactate-broth. The 
slow fall in potential in anaerobic cultures is probably due to the lack of 
oxygen for the utilisation of the acids. In the case of fumarate-lactate-broth 
the fumaric acid may act as hydrogen acceptor [Thunberg, 1921], as in the 
presence of muscle, thus oxidising the lactic acid to pyruvic acid which is 
probably readily utilised by bacteria. 

CH,.CH(OH).COOH+COOH.CH: CH.COOH CHg.CO.COOH + COOH.CH,.OH a .COOH 

lactic acid + fumaric acid —► pyruvic acid -f succinic acid. 

In aerated cultures the potentials have a delayed fall followed by a slow 
rise in potential. This retarded rise in potential, also shown in glucose-broth, 
is in contrast with the observation of Platt [1927] that glucose and lactic acid 
accelerated the production of peroxide by pneumococci. 
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Conclusions. 

Readily reproducible potential-time curves, varying markedly with change 
of conditions, were obtained with cultures of haemolytic streptococci. By 
varying cultural conditions the electrode potential during growth may fall 
over 450 mv., or less than 80 mv., and, after the phase of active growth, the 
potential may remain at a very low level, corresponding to intense reducing 
conditions, or may rise rapidly to levels at which peroxide appears. These 



Fig. 10. Freshly boiled infusion broth. 



Fig. 11. Freshly boiled infusion broth. 

very different potentials reached indicate the very wide range of oxygen tension 
at which the streptococci will grow readily, and must produce very different 
effects. Fermentation reactions, products of metabolism, morphology, viru¬ 
lence and toxin production can all probably be correlated with the oxidation- 
reduction potentials developed in the medium. 

In aerobic 50 % serum-broth cultures the potential falls only 250 mv. 
during growth compared with a fall of 450 mv. in plain broth cultures. This 
oxygen-carrying effect, which is due to the serum-proteins and occurs only 
in aerobic cultures, is of interest from several points of view. With regard to 
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the mechanism of the effect, some evidence is presented that this may be due 
to the sulphur-containing units of the protein molecule. It seems possible 
that —SH groups in proteins may behave similarly to those in peptides such 
as glutathione. Serum-broth is a common culture medium for haemolytic 
streptococci and it seems probable that cultural conditions in serum-broth 
may approximate to those in the blood-stream. The special biological charac¬ 
teristics of organisms recently isolated from the body or obtained by animal 
passage may be due to the effect of serum-proteins, which, by regulating the 
oxidation-reduction potential, would control the metabolism of the streptococci. 

Fildes [1929] has observed that the potential of subcutaneous tissue is too 
high for the germination of tetanus spores, and this again may be due to the 
maintenance of relatively high potentials through the agency of the oxygen¬ 
carrying effect of proteins. 

The potential-time curves give some information regarding peroxide 
formation by haemolytic streptococci. In vigorously aerated cultures peroxide 
appeared after 16 to 24 hours’ growth. In every culture in which peroxide 
was detected the electrode potential was high, i.e. between f 0*46 and 
-f 0*52 volt according to the amount of peroxide formed. The same potentials 
were observed when hydrogen peroxide was added to saline or to broth. 
Bacteria] peroxide is therefore closely similar to hydrogen peroxide. Low 
concentrations of hydrogen peroxide appeared not to have appreciable toxic 
effects on the streptococci but merely to produce a lag phase. In an aerobic 
tryptic-digest broth culture to which 0-006 % hydrogen peroxide was added 
the usual potential-time curve was obtained after the long lag period. In this 
stationary aerobic culture peroxide again appeared after 5 days’ incubation. 
Glucose and lactic acid retarded peroxide formation whilst Platt [1927] found 
that with pneumococci they accelerated peroxide formation. 

In describing the state of oxidation-reduction systems the electrode 
potential, Eh, is sometimes replaced by r H , which, by analogy with p H , is 
the logarithm of the reciprocal of the partial pressure of hydrogen in equili¬ 
brium with the system. 

In the following table are summarised the minimum values of r H reached 
in various cultures and the time required to reach these values. 


System 

Hydrogen peroxide in broth 
Bacterial peroxide 
Uninoculated broth 
Aerated glucose broth cultures 
Aerated plain „ 

Aerobic serum „ 

Sealed „ „ 

Freshly boiled aerobic glucose broth cultures 
sealed „ 

„ aerobic digest 

„ sealed digest 

Unboiled aerobic infusion 
Freshly boiled aerobic infusion 

„ sealed ,, 


Approximate 
minimum value 

Time to reach 

of r H 

r H (hours) 

30 

0 

30 

0 

25 

0 

21 

5 

17 

8 

16 

16 

9 

12 

10 

5 

10 

24 

13 

12 

9 

24 

10*5 

12 

8*7 

7 

8*7 

20 
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Dubos [1929] claims that reductive conditions are necessary for the rapid 
proliferation of small implants of haemolytic streptococci, but it has been 
found that in the present experiments the streptococci showed particularly 
luxuriant growth under conditions in which the potential remained at a high 
(oxidising) level and that anaerobically the fall in potential in glucose, lactate, 
and similar broth cultures was slow. 

Distinct differences exist between the potential-time curves of different 
strains of haemolytic streptococci. In this communication results obtained 
with one strain only are reported, but most of the phenomena described have 
been observed with several different strains. 

Summary. 

1. Experimental details are described for obtaining reproducible oxidation- 
reduction potential-time curves of cultures of haemolytic streptococci. The 
potentials observed varied widely with different cultural conditions. 

2. The presence of serum in broth inhibits the fall in potential during 
growth in aerobic cultures. This influence is due to an oxygen-carrying effect 
of the serum-proteins which has been tentatively ascribed to sulphur-con¬ 
taining units in the protein molecule. The biological significance of these 
phenomena is discussed. 

3. The fall in potential during growth is less in tryptic-digest medium 
than in peptone-infusion broth. 

4. in freshly boiled broth the potential fails more rapidly and to a lower 
level than in unboiled broth, and, particularly in tryptic-digest medium, 
rises more rapidly after the cessation of active proliferation. 

5. When cultures are aerated the potential falls less during growth and 
rises more rapidly after the logarithmic phase of multiplication. Peroxide is 
frequently formed in aerated cultures and has a marked effect on the potentials, 
which are similar to those observed when hydrogen peroxide is added to broth 
or to saline. Glucose, lactic acid, etc. retard peroxide formation. When a low 
concentration of hydrogen peroxide is added to broth before inoculation there 
is a long lag period but after this the normal potential-time curve is obtained. 
The organisms, therefore, are apparently not injured by the peroxide in low 
concentration. 

6. The potential falls rapidly in aerobic 1 % glucose-broth cultures but 
less rapid !y in sealed cultures. A short phase of rapid increase of potential 
is observed ,in aerobic glucose cultures after a few hours’ growth. In aerated 
glucose-broth cultures the potential falls very little despite the very luxuriant 
growth obtained. 

7. No evidence was obtained that reductive conditions (low oxidation- 
reduction potential) favoured the growth of haemolytic streptococci. 

The author is indebted to Dr R. G. White and Dr E. W. Todd for sugges¬ 
tions, assistance and helpful encouragement. 
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LX. STUDIES IN GAS PRODUCTION 
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I. APPARATUS FOR THE MEASUREMENT OF THE 
RATE OF GAS PRODUCTION. 
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Technical College , Glasgow. 

(Received February 14th , 1930.) 

Bacterial activity is normally associated with the absorption or evolution 
of gases. The production of gases may be due to ordinary respiratory evolution 
of C0 2 , or to the disintegration of nutritive compounds whereby gaseous 
by-products are formed. The absorption of gas is usually to be correlated 
with respiration where oxygen is absorbed from the atmosphere. 

When bacteria cultivated in broth absorb or evolve relatively large amounts 
of gas, volume changes may be measured with considerable accuracy, and 
thus may throw some light on the metabolism of the organisms. In par¬ 
ticular, regular observations of volume changes over a period of time should 
determine the activities of the bacteria in various stages of the life of the 
culture. 

In the course of researches on bacterial denitrification, three experimental 
methods were devised. The results of this work are published in the succeeding 
paper; the present paper describes the apparatus used. 

I. The pyknometer method. 

The first method was devised for use in an incubator, where compactness 
is an advantage. A culture tube A (Fig. 1), of volume approximately 10 cc., 
is filled to the neck with a nitrate- or nitrite-broth and sterilised. After 
inoculation it is attached by means of pressure tubing, B, to a pyknometer, 0, 
which is initially filled with pure dry mercury. The culture tube A has a 
narrow neck for convenience in attaching the tubing; milk centrifuge tubes 
were found to be suitable. 

When the culture attacks the nitrate or nitrite, the gases evolved displace 
some of the mercury into a collecting tube, 2), which is changed periodically. 
The displaced mercury is weighed and its volume calculated. Hence the 
volume of gas produced during any desired interval of time is known. 
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The following precautions are adopted. 

(i) The pyknometer is thoroughly cleaned with hot chromic acid, and 
carefully dried before use in each experiment; the mercury also is washed 
and dried. These operations were designed to make the mercury sensitive to 
even slight increases of pressure due to gas evolution. In practice, it was 
found that the mercury was displaced spasmodically in quantities of about 
0-03 cc. at a time, equivalent to about 5 drops. 

(ii) The tube A is filled with broth to the neck, to minimise the air space 
above. A small production of gas thus causes a maximum increase of pressure 
on the mercury, and renders the apparatus more sensitive to small volume 
changes. A minimal air space is an advantage in processes such as denitrifi¬ 
cation where gas production is reduced or inhibited by the presence of air. 

The whole apparatus is placed after assembly in an incubator automatically 
regulated to the desired temperature. 



Fig. l. 


II. The capillary tube method. 

This method was devised for making simultaneous observations on a 
number of cultures under the same physical conditions. The effect of varying 
other factors in a series of cultures could thus be determined. 

The broth culture is normally contained in a centrifuge tube of about 
10 cc. capacity, and connected by means of rubber pressure tubing to a glass 
capillary tube about 150 cm. in length. The culture tube is then completely 
immersed in a thermostat at the desired temperature, which should not vary 
during the experiment by more than 0-05 p . 

The capillary tube is first calibrated, thoroughly cleaned with hot chromic 
acid, washed, and carefully dried. A thread of mercury is then inserted to 
indicate gas evolution. The capillary tube is supported horizontally, lying on 
a paper scale by which the movement of the mercury thread can be recorded 
(Fig. 2). A movement of the thread of 1 cm. corresponded to an alteration in 
volume of 0-004-0-04 cc., according to the bore of the tube used. The 
total volume of gas produced by the denitrification of 25 mg. of KNO a — 
about 3 cc.—could be, contained in 100 cm. or less of tubing, and its pro¬ 
duction with time could be measured with an accuracy of 0-01 cc. 
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When it is desired to measure the rate of gas production over short 
intervals of time, the small tube may be replaced by a boiling-tube of about 
100 cc. capacity. If desired, mechanical stirring of the broth can be accom¬ 
plished by using a tube with a mercury seal [Findlay, 1923], By filling the 
culture tubes as completely as possible, the influence of variation in baro¬ 
metric pressure is minimised, and is usually negligible. Readings of the baro¬ 
metric pressure were taken systematically in all experiments extending over 
24 hours, but corrections are necessary only when fluctuations are great, and 
when more than 3 cc. of gas is produced. The influence of fluctuations of room 
temperature on the volume of the gas are negligible; they were found to be 
of the order of \ %. 



The less the volume of the air space above the culture, the more sensitive 
is the method. The movement of the mercury thread depends on the difference 
of pressure on its two ends, so that the minimum volume change sufficient to 
move the mercury thread is inversely proportional to the total volume of the 
air space. 


III. Large-scale method. 

The third experimental procedure adopted was designed to determine the 
nature of the gases produced at various stages in the process of denitrification. 
The object therefore was to obtain quantities of gas sufficient for analysis at 
each of these stages rather than to obtain accuracy of measurement. However, 
it is possible by this method to measure the volume of gas produced in any 
given interval of time. 

Samples of the broth can also be withdrawn periodically so that bacterial 
counts, p H determinations, and chemical tests can be made. 

The apparatus is shown in Fig. 3. A 5-litre flask containing the broth is 
fitted with a two-holed rubber stopper. Samples of the broth can be with¬ 
drawn into the gas washing bottle C by means of the tube B which extends 
into the middle of the flask. The gas evolved is collected in the gas-burette D 
by displacement of mercury. This vessel can be changed frequently, the 
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screw-clip E being closed during the operation. The whole apparatus is placed 
in an incubator. 

The gases so obtained can then be analysed in a Haldane apparatus. 



Fig. 3. 


Summary. 

Simple methods are devised to measure the rate of production of gas 
continuously during the growth of a broth-culture. 


REFERENCE. 

Findlay (1923). Practical physical chemistry (London, 4th ed.), p. 242. 



LXI. STUDIES IN GAS PRODUCTION 
BY BACTERIA. 

II. DENITRIFICATION AND BACTERIAL 
GROWTH PHASES. 

By BLODWEN LLOYD and JOHN ARNOLD CRANSTON. 

From the Departments of Bacteriology and Physical Chemistry , 

The Royal Technical College , Glasgow . 

(Received February 14th , 1930.) 

The bacterial reduction of nitrates and nitrites to free nitrogen has long been 
known; it has been the subject of interest in such diverse branches of science 
as marine biology, sewage research, and agriculture. Despite its importance, 
comparatively little accurate investigation appears to have been carried out: 
especially is there a lack of quantitative data as to the rate at which denitrifi¬ 
cation takes place. 

Baur [1902] found that 5 % nitrate or nitrite in a broth culture of 
B. actinopelte was completely decomposed in 10-14 days at 15° to 20°; 
Drew [1911] stated that at 29° B. colds destroyed 0*5 g. of KN0 3 in 86 hours. 
Apparently the only record of stages in the denitrification is that of Luraia 
[1915], who found that under favourable conditions there was after 1| days 
sudden gas production at a rapidly increasing rate, and an equally rapid 
slowing down towards the end. He also found that with varying conditions 
it was the speed of the reaction that was affected and not the total denitrifi¬ 
cation expressed either in terms of the gas produced or of the amount of 
nitrate destroyed. Korsakova [1927], using B . denitrificans Jluorescens in a 
nitrate medium, estimated periodically the quantity of nitrogen produced 
and the amounts of nitrate and nitrite present. The intervals between estima¬ 
tions were, however, too long to show the progress of the denitrification in 
detail. 

It is apparent from the above record that little work of value has been 
done on the rate of denitrification. The numerous factors that affect the rate 
do not seem to have been appreciated; otherwise the isolated items of in¬ 
formation given would have been recognised as haphazard. With the excep¬ 
tion of Carapelle [ 1908 ], who stated that the activity of bacteria possessing 
reducing powers is more marked in young than in old cultures, no one seems 
to have correlated the rate of reduction with the age of the culture. Still less 
has it been realised that in denitrification the rate of gas production may 
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under certain circumstances be taken as a measure of the number of viable 
organisms present; or that there is a delay in gas production which can be 
correlated with the lag phase of bacterial growth, and which furnishes a simple 
method of studying quantitatively the factors affecting the duration of the 
lag phase. The rate of denitrification is greater in a young culture than in an 
old one for two reasons: (i) the number of bacterial cells is greater in a young 
culture than in a senescent one; (ii) the majority of cells in a young culture 
are in a state of active cell-division, so that each attacks the nitrate more 
rapidly than a cell from an older culture. 

The utility of denitrification to the organism is primarily a respiratory one, 
and therefore the rate of denitrification, the rate of respiration, and the rate 
of bacterial growth are interdependent; and a curve showing the production 
of nitrogen with time for a given organism under given conditions should be 
capable of correlation with the growth curve of the culture. 

In the preceding paper [Cranston, 1930], methods are described for 
measuring the rate of gas production by bacteria when cultivated in a liquid 
medium. For the following work, the device found most convenient and simple 
to use was that of attaching a 10 cc. culture tube with a narrow neck to a 
capillary tube containing a thread of mercury; it was employed in the work 
described in this paper, which is the outcome of studying the rate of denitri¬ 
fication of over 90 cultures. 

General form of the denitrification curve . 

When the volume of the gas absorbed or produced during denitrification 
is plotted against the time from seeding, a curve of the general type shown 
in Fig. 1 is obtained; such a curve will be referred to throughout this paper 
as a “denitrification curve.” The rate of change in volume varies in magnitude 
and sign so that as many as nine stages can be differentiated. From this curve 
another may be obtained by plotting the increments of volume in selected 
intervals of time against the mean time from inoculation. Except for the 
initial contraction OC and the final contraction JK f the curve will represent 
the rate of gas evolution at various stages in the growth of the culture; such 
a curve will be referred to throughout this paper as a “rate of denitrification 
curve.” 

The initial contraction indicated by the portion OC of the curve is due to 
the absorption of atmospheric oxygen present in the air space between the 
surface of the medium and the mercury thread in the capillary tube; it is 
effected partly by the oxidation of the medium and partly by the respiration 
of the bacteria. The control experiments discussed later show that the con¬ 
traction in this phase along OA is due almost entirely to absorption by the 
medium, while the portion AC is due partly to aerobic bacterial respiration. 
The final contraction JK, which when it occurs is usually of very small 
magnitude, can be attributed to the same causes. 

The rate of denitrification curve (Fig. 2, p. 534) shows general similarity to 
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a bacterial growth curve, and this resemblance suggests that the two may be 
correlated. A growth curve can be dissected to represent various phases of 
bacterial growth: it will be appropriate to discuss these before dealing with 
the interpretation of the rate of denitrification curve. 

Growth phases in bacterial cultures . 

The rate of growth of bacteria in a sub-culture varies greatly with time 
[Buchanan and Fulmer, 1928]. It has been established that in general there 
is no appreciable initial increase in the numbers of bacteria [Lane-Claypon, 
1909; .Penfold, 1914; Ledingham and Penfold, 1914]. Alter germination has 
begun, cell-division proceeds slowly at first and then more and more rapidly 
until such time as the bacteria are dividing at a uniform rate, i.e. until they 
are increasing in number geometrically over equal intervals of time. The rate 



Fig. 1. General form of a denitrification curve, marked off into sections which 
are correlated with bacterial growth phases. 


of increase then diminishes progressively until the numbers of bacteria remain 
constant, after which there is a diminution in numbers until the culture dies 
off. Buchanan differentiates seven such phases as follows. 

1. Initial stationary phase. During this phase the number of bacteria 
remains constant. The duration of the phase varies with the experimental 
conditions, and with the organism used. 

2. Phase of positive growth acceleration. Here the cells are beginning to 
divide, and the average rate of increase in numbers increases with time. This 
phase extends over a period of time because all the cells do not germinate at 
once. When all the viable cells of the original inoculum have germinated they 
continue to divide regularly, and the rate of increase is then constant; this 
gives rise to the third phase. 

Th© term “lag phase” has been defined as covering the period which elapses between “the 
time of seeding and the time at which maximum rate of growth begins'* fChesney, liUfij. 
Buchanan, however, in a desire to differentiate between these two phases has suggested that 
the term should be reserved specifically to indicate the second phase, viz. “that period elapsing 
between the beginning of multiplication and the beginning of the maximum rate of increase per 
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organism.*' It appears to ns unfortunate that he did not suggest the use of the term for the first 
phase instead of the second. The word “lag” is more suggestive of the first phase, and indeed 
in discussions of theories of the lag phase, it has been so frequently used by various workers, 
including Buohanan himself, to mean the stationary phase that this meaning has been sanctioned 
by custom. 

3. Logarithmic growth phase. During this phase the rate of increase per 
organism remains constant. 

4. Phase of negative growth acceleration. Here the rate of increase de¬ 
creases, although the number of bacteria increases. 

5. Maximum stationary phase. In this phase the number of bacteria 
remains constant. 

6. Phase of accelerated death. During this phase the number of bacteria is 
decreasing, slowly at first and then with increasing rapidity. 

7. Logarithmic death phase . Here the rate of decrease per organism re¬ 
mains constant. Buchanan and Fulmer [1928] state that such decrease is 
seldom logarithmic. 

Comparison of growth phases with phases of gas evolution. 

It is generally agreed that the significance of bacterial denitrification is a 
respiratory one, i.e . the oxygen available from the nitrate may be supple¬ 
mentary to. or may be a substitute for, free atmospheric oxygen. Most 
writers find that the presence of free oxygen retards denitrification [Kunne- 
mann, 1898; Caron, 1912] and in some cases may even inhibit it completely 
[Gran, 1901; Ampola, 1907]. It does not seem to be dearly recognised, 
except perhaps by Korsakova [1927], that the reduction of nitrate to nitrogen 
occurs by stages with the formation of intermediate compounds, and that 
gas is produced only in the last stage. Denitrification is therefore an indica¬ 
tion of the completeness with which oxygen is utilised, and this in turn 
depends on the amount of nitrate present. Statements regarding inhibiting 
factors should therefore only be made when the concentration of the nitrate 
is taken into account. This point is discussed in detail later in the paper when 
experimental data enable it to be done quantitatively. 

The denitrifying consequence of bacterial respiration should lead to the 
establishment of some connection between the rate of gas evolution and the 
number of viable organisms present: but if that relationship is to be made 
quantitative, the following conditions must be satisfied. 

1. The organism must depend solely upon the nitrate or nitrite for its 
oxygen supply. 

2. The gas evolved is pure nitrogen. 

3. All the bacteria consume oxygen at the same rate, this rate being inde¬ 
pendent of the age of the individual organism. 

4. No time lag must occur between the absorption of oxygen and the 
production of nitrogen. 

Condition 1 can be controlled experimentally, and Condition 2 can be 
arranged by selecting an organism known to produce nitrogen only. No 
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evidence is available regarding Condition 3. Even if tbe rate of consumption 
of oxygen is not proportional to the number of bacteria present, it is at least 
a measure of their aggregate metabolic activity, which is perhaps as significant. 
Condition 4 docs not hold throughout the whole course of denitrification. 
Korsakova [1927] found by analyses performed during the course of denitrifi¬ 
cation that the nitrogen could not be completely accounted for as nitrate, 
nitrite, and free nitrogen, and therefore concluded that some of it existed as 
an intermediate compound. Ampola and Ulpiani [1899] suggested that 
hyponitrite is formed as an intermediate product in denitrification, but were 
unable to demonstrate its existence during gas production. The authors show 
later on in this paper that their results can be quantitatively accounted for 
on the assumption that this intermediate compound is the hyponitrite. Thus 
the reduction of potassium nitrite on this supposition would occur in two 
stages. 

2KN0 2 - 20 - K 2 N 2 0 2 
KgNjjOg - 0 *= K 2 0 f N 2 . 

A large proportion of the oxygen may thus be utilised before nitrogen is 
evolved at all. Under the conditions of the authors’ experiments, these 
reactions do not occur simultaneously, but the nitrogen is given off only after 
the nitrite has been completely converted into an intermediate compound. 

The number of bacteria present in a nitrite-broth culture is therefore 
proportional to the rate of gas evolution only‘through part of the life of the 
culture, \ iz. soon after gas evolution has begun. It is characteristic of denitrifi¬ 
cation curves that soon after gas is evolved, it is produced at its maximum 
rate. This seems to show that gas is not evolved till the later stages of the 
phase of logarithmic growth. The authors propose later to find if potassium 
hyponitrite can be used instead of potassium nitrite as a source of oxygen for 
the bacteria; the amount of nitrogen evolved would then be proportional 
throughout to the amount of oxygen consumed, and thus the earlier growth 
phases could be studied directly. 

The growth phases detailed above may best be compared with tbe phases 
of gas evolution by considering the rate of denitrification curve given in Fig. 2. 

The initial stationary phase is represented by AC. Experiments to be 
described later show some of the factors which determine its duration. 

The phase of positive growth acceleration is represented by CD. As ex¬ 
plained above, the production of nitrogen from nitrite is delayed through the 
formation of an intermediate compound; this occurs during the present phase 
so that the initial growth of bacteria is not accompanied by gas evolution. 
Ordinarily, therefore, the growth during this phase cannot be studied by gas 
production. 

The logarithmic growth phase is represented by TJE. In most of the experi¬ 
ments gas is first evolved during this phase, but whether it occurs at the early 
or the late part of the phase cannot be determined from the data of gas 
evolution alone. 

Biochem. 1930 xxiv 
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The phase of negative growth acceleration , the maximum stationary phase , 
and the phase of accelerated death , represented by EF , FG and GH respec¬ 
tively, are usually of short duration. An investigation of these phases would 
require readings taken at intervals not greater than half an hour, and to 
attain any accuracy the volume changes would have to be magnified by using 
not less than 100 cc. of broth culture. 

The logarithmic death phase is represented by HI, In most cases the 
numbers of bacteria were found to decrease logarithmically over measurable 
periods of time. In one experiment this period extended over 5 days [Cranston 
and Lloyd, 1930]. 



Fig. 2. General form of a rate of denitrification curve, marked off into sections 
which are correlated with bacterial growth phases. 


The phase of slow decline , represented by IJ , is shown by nearly all cultures. 
Some experiments that throw light on these phases are described below. 


Experimental. 

For the following work, an actively denitrifying marine organism was 
selected. The strain employed was isolated from Loch Striven in the Clyde 
Sea Area at a depth of 20 fathoms. The organism will be described in detail 
in a forthcoming paper; a culture has been lodged with the National Collec¬ 
tion of Type Cultures at the Lister Institute. The following are its principal 
characteristics. 

Designation . Laboratory organism xiv. 

’Morphology, Vibrio, single, sometimes forming short chains, gram-negative, actively motile, 
length about l*5/x. 

Agar cultures. Slope cultures, thin coherent wrinkled films; surface colonies on agar plates 
up to 5 mm. in diameter, with wrinkles often radially arranged. 

Gelatin cultures. No liquefaction. 

fe' Broth cultures. Uniform turbidity, with ooherent wrinkled surface pellicle, the nature of the 

r pellicle varying with the temperature of incubation; surface films absent from a young nitrate 
or nitrite broth. 

Optimum temperature. 35°. 
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Size of the inoculum . 

The general procedure adopted in making an inoculation was designed to 
make the seeding as constant in amount as possible. In order to obtain some 
estimate of the number of bacteria used in an inoculation, the direct method 
of counting by means of a Thoma haemacytometer w~as employed. One 
loopful of a broth culture actively producing gas was transferred to approxi¬ 
mately 10 cc. of the sub-culture. In the parent culture the average number 
of bacteria counted in unit volume, 1/20 x 1/20 x 1/10 mm. 3 , was 40, which 
is equivalent to 160 x 10 6 per cc. In the sub-culture, only one bacterium 
was seen in 40 unit volumes examined, equivalent to 10 5 per cc. The dilution 
performed by transferring one loopful to 10 cc. was thus approximately 
1 in 1600. This figure was checked by ascertaining the average weight of a 
loopful of broth to be 5 mg., which in 10 cc. gives a dilution of I in 2000. 

The seeding was thus of the order of 1,000,000 bacteria. 



Time in hours 

Fig. 3. Curves showing absorption of oxygen by a broth culture J 1, and a sterile control J 2. 

A. The initial contraction phase. 

The marked effect of aeration on denitrification has already been alluded 
to. It may be studied quantitatively by determining the factors that give rise 
to the initial contraction phase. 

(a) In absence of nitrates and nitrites. When a culture tube of about 10 cc. 
capacity is filled with a broth medium and connected up to a capillary tube 
as explained in method 2 of the previous paper, there is an air space of about 
1 cc. between the surface of the broth and the end of the mercury thread in 
the capillary tube. Unless oxygen is excluded from this space, there is a 
slow contraction in volume due to oxidation of the medium. Some actual 
experimental results are shown in Fig. 3. J 2 was a nitrite-free sterile broth 
control, in which the rate of contraction s!ow r ed down as the surface of the 
broth became oxidised. J 1 was a nitrite-free culture, so that after the initial 
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lag phase was over, the demand for oxygen for bacterial respiration suddenly 
increased; this circumstance accounts for the sudden drop in the curve. This 
is verified in curve L 3 (Fig. 5), where effects were intentionally magnified 
by having an air space of about 5 cc. above the broth. 

The initial rate of the contraction has been found to be approximately 
proportional to the surface of the broth exposed. For sterile broths, the rate 
diminishes with time, unless the connection to the capillary tube is opened and 
a fresh supply of air admitted. In this case the rate of contraction first 
increases and then diminishes slowly. The total amount of the contraction 
depends of course on the amount of oxygen available above the broth. In an 
open tube the absorption continues until the broth is completely oxidised; 
in Giltay’s medium a dark brown colour is then produced. 



10 20 30 40 50 60 70 80 90 


Time in hours 

Fig. 4. A typical denitrification curve. 

(b) In presence of nitrites . When a sub-culture is freshly made into a 
nitrite broth, the initial rate of contraction is similar to that of inoculated 
controls; apparently the oxygen demands of the bacteria are very small in 
the early part of the lag phase, and are met by the atmospheric and dissolved 
oxygen, and by oxygen obtained in the first stage of the reduction of the 
nitrite. Only when the bacteria reach the phase of rapid growth does the 
oxygen from these sources become suddenly inadequate, and the intermediate 
compound is attacked. It is for this reason that the denitrification curve of a 
healthy culture shows such a sharp point of inflection at the beginning of gas 
evolution; and attains the maximum rate of gas evolution so rapidly. Fig. 4 
shows such a curve obtained from an 8 cc. broth culture (E2) with 25 mg. of 
KNO a added. 

If a large supply of atmospheric oxygen is available, nitrate may hardly 
bp attacked at all (£3, Fig. 5). Experiment shows, however, that some nitrogen 
is erolved even when a broth culture is spread out in a thin layer to expose 
a large surface for the absorption of oxygen. 
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(c) Prevention of the initial contraction. When the air above the broth and 
in the capillary tube was displaced by coal gas, the contraction took place in 
both sterile and inoculated broths, and was apparently due to the solution 
of some of the gases. No growth started in the inoculated broth, probably 
because of the toxic effect of the dissolved gases. 

The effect of replacing air by nitrogen was next tried. 8 cc. of Giltay's 
medium containing 0-25 % KN0 3 were placed in tubes of 12 cc. capacity, 
thus giving a large air space to magnify any effects when atmospheric oxygen 
was not excluded. Six broth tubes were observed under the following con¬ 
ditions. 


Designation 

Inoculated 

Nitrate 

mg. 

Nitrite 

mg. 

Atmosphere 

LI 

0 

20 

25 

Air 

. L2 

0 

20 

25 

Nitrogen 

JjxS 

+ 

20 

0 

Air 

LA 

Lr> 

+ 

20 

0 

Nitrogen 

+ 

20 

25 

Air 

L 6 

-f- 

20 

25 

Nitrogen 



Time in hours 

Fig. 5. Curves illustrating the suppression of the initial contraction in cultures 
and sterile controls oil replacing air by nitrogen. 

Thus LI served as a control to L2 to determine the effect of atmospheric 
oxygen on sterile broth, 13 as a control to Li to determine the effect of 
atmospheric oxygen on a culture, and L 1 as a control to L 3 to determine the 
contraction in the initial stages due to bacterial respiration. The denitrifica¬ 
tion curves of L\ y L2, LS and Li are shown in Fig. 5. 
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No gas evolution occurred in L 5 and L 6, apparently because the oxygen 
requirements of the bacteria were satisfied by the initial stages of the re¬ 
duction of the nitrate and nitrite present. In Li and Li, which were in a 
nitrogen atmosphere, there was practically no contraction; but in Ll and L3 , 
which had air, there were large contractions. On comparing the sterile 
control Ll with the nitrite-free culture L 3, it is seen that both contracted 
in a similar way for the first 25 hours; the bacterial lag phase in £3 was 
then over, and a period of rapid contraction set in for the next 25 hours until 
the nitrate was attacked with evolution of gas, the small expansion being 
due to the fact that the oxygen requirements had already been partly satisfied 
by the oxygen of the atmosphere. Li, on the other hand, experienced no 
contraction, but at the end of 25 hours showed the expansion due to bacterial 
decomposition of the nitrate. 

To sum up, it is found that in the absence of free oxygen there is no 
initial contraction; in the presence of oxygen there is an initial contraction, 
of a two-fold nature : 

(а) a consumption of oxygen due to oxidation of the medium, which 
slows down with time; 

(б) a consumption of oxygen due to bacterial respiration; this increases 
with time up to the limits of the available oxygen, but the contraction is 
counterbalanced by evolution of nitrogen if nitrite and nitrate are present 
as sources of oxygen. 


B. Factors affecting the duration of the lag phase. 

(a) Effect of time of addition of nitrite. Six cultures, HIH 0, were inoculated 
at the same time, and incubated at 27°. 25 mg. of KN0 2 were added imme¬ 
diately toffl and H 2, after a lapse of 12 hours to H 3 and Hi, and after 24 hours 
to H 5 and H (>. Gas production began almost simultaneously in HI, Hi, H3 
and Hi about 20 hours after inoculation, and in 115 and H§ about 8 hours 
later, i.e. about 4 ho\irs after addition of the KN0 2 . The following inferences 
were drawn. 

(i) The time that elapses between the inoculation of a culture into a 
nitrite broth and the evolution of gas is due mainly to the lag in the develop¬ 
ment of a healthy culture. When, as in the above experiment, the period of 
this lag is about 20 hours, the time of first gas evolution is independent of 
whether the nitrite is present at the beginning or whether it is added up to 
12 hours after inoculation. 

(ii) The addition of nitrite to a 24-hour culture (i.e. one that would have 
begun to produce gas if nitrite had been present at the time of inoculation) 
does not cause immediate gas production, but there is a further delay of 
4 or 5 hours. This may be due to a necessary accommodation on the part of 
the bacteria to its slightly altered nitrite environment, or it may more pro¬ 
bably be due to the nitrite-reduction taking place in two stages with the 
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formation of an intermediate compound. The first stage does not produce 
nitrogen. 

The experiment was repeated under slightly different conditions. Six 
similar cultures were prepared and inoculated at the same time. They were 
kept at room temperature for hours, and then placed in a thermostat at 
32°, and the production of gas for 100 hours measured at intervals by the 
capillary tube method, 

KN0 2 was added to one of the cultures 2£ hours after inoculation, and to 
the others at intervals as shown in Table I. The last column shows the time 
interval from inoculation when nitrogen was first evolved, and Fig. 6 gives 
the denitrification curves of the series. 

Table I. 


Time in hours after inoculation 


.Designation of 
culture 

KN0 2 added 

Gas first produced 

777/1 

n 

13 

HH 2 

r>! 

13 

7/7/3 

Hi 

13 

777/4 

Hi 

16 

77775 

144 

]« 

HH 6 

184 

23 


The curve for 77/73 was spoiled because the rubber tubing joining the culture tube to the 
capillary tube was defective. The production of gas appeared to be as great as in the other 
cultures. 



Fig. 6. CurveB illustrating the effect of the time of addition of nitrite on the duration of the lag 
in gas production. The arrows indicate the time of addition of the nitrite to the culture 
designated. 

This experiment confirms the previous H series. The same inferences may 
be drawn, but may be made more precise. HH 5 and HH 6 showed very definite 
growth before the addition of KN0 2 ; yet there, was a lag of 4$ hours in each 
case between the addition of the KN0 2 and the rapid evolution of gas. This 
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lag must be attributed to the formation of an intermediate compound. It is 
very remarkable that this same period of lag occurred in HH 3 and HH 4. The 
conclusion can be drawn that in the nitrite-broth culture the normal lag of 
13 hours between the time of inoculation and the appearance of gas was 
made up of a bacterial lag of 8| hours, and a “chemical lag” of 4J hours. 

(h) Concentration of nitrite or nitrate added . A series of similar cultures 
was prepared in equal amounts—about 9 cc.—of Difco broth which was 
adjusted before sterilisation to a p R value of 8*5. Varying amounts of KN0 3 
were added, and denitrification curves obtained at 32° (Fig. 7). The air above 
the broth was displaced by nitrogen so that the only source of oxygen was 
the nitrate. 



Fig. 7. Curves showing the progressive increase of the lag in gas production with increase in 
initial concentration of nitrate. The broken curve illustrates the difference when nitrite is used. 

Table II shows that the time elapsing before evolution of nitrogen increases 
with the increase in concentration of the nitrate added. The experimental 
facts are accounted for by assuming the duration of the lag phase of bacterial 
growth to be about 8 hours in each culture. The numbers of bacteria then 
increase rapidly, satisfying their oxygen requirements by reducing the nitrate 
to nitrite, and then possibly to hyponitrite. No nitrogen is produced until 
these intermediate reductions have been completed or nearly completed, 
whiefi first occurs of course in the culture with least initial amount of nitrate. 
The other cultures begin to evolve nitrogen in the sequence of their nitrate 
concentrations. 

At the same time as these nitrate-broth cultures were experimented with, 
three nitrite-broth cultures were observed under identical conditions in order 
to test the validity of the following hypotheses. If nitrate is reduced in 
three stages, viz. to nitrite, to hyponitrite, and to nitrogen, and these stages 
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do not occur simultaneously to any great extent so that nitrogen is not 
produced until the first two stages are nearly over, it was expected that 
(i) a nitrite-broth culture would show a considerably shorter lag in gas pro¬ 
duction than a culture containing an equivalent amount of nitrate. If hypo- 
nitrite is the intermediate compound formed, and if it is not attacked until all 
the nitrate and the nitrite is reduced, it was expected that (ii) a nitrite-broth 
culture would show the same duration of lag in gas production as a culture 
in a broth containing half the equivalent amount of nitrate, because as is 
shown in equations for Si and SI below, twice as much oxygen must be taken 
from nitrate as from an equivalent amount of nitrite to produce the hypo- 
nitrite. 

The curve S 7 was obtained from one of three cultures, SC), S 7 and S8 , 
which differed from the others in that 20 mg. of potassium nitrite were added 
and no nitrate. In each of these cultures. 13 hours elapsed before nitrogen 
began to be evolved. 20 mg. of KN0 2 are equivalent molecularly to 24 rag. 
of KN0 3 . and it will be noted that the quantity of nitrogen produced by SI 
is only a little less than that produced by $4 which contained 24 mg. of 
KN0 3 . Whereas, however, S7 produced nitrogen 13 hours after inoculation. 
£4 did not do so until 37 hours had elapsed. The culture S 2. which contained 
12 mg. of KNO a , and which therefore required the same oxygen consumption 
to convert the nitrate into hyponitrite as is required in S7 to convert the 
nitrite into hyponitrite, first produced nitrogen 13 hours after inoculation, 
i.c. simultaneously with SI. 

Thus the two expectations were realised, and quantitative evidence is 
produced to show that hyponitrite is formed during nitrate-reduction, and 
that, under the conditions of the above experiments at any rate, no nitrogen 
is evolved until all the nitrate and nitrite is converted into hyponitrite. The 
following equations therefore represent the reductions for the two cultures. 
Si and S 7, before nitrogen is evolved, if hyponitrite be assumed to be the 
product. 

Si ... 2KN0 3 - 20 2 K 2 N 2 0 2 

S7 ... 2KN(>2 - () 2 -K 2 N 2 (>2. 

Twice as much oxygen was consumed in Si as is *S T 7 before nitrogen was 
evolved, and the delay in the production of gas in Si is explained. 

The extent of denitrification . Calculations were made to determine what 
percentage of the total available oxygen of the nitrate was utilised. It is 
reasonable to suppose that if the concentration of nitrate is very high 
originally, oxygen will not be a limiting factor in the growth of the culture. 
Some other factor may operate to stop the growth before the stage in nitrate- 
reduction that results in liberation of nitrogen is reached. Examples of these 
may be seen in the cultures Lb and L6, and to a lesser degree in L 3, 
mentioned previously. In the equation for the complete denitrification, 

4KN0 3 - 50 2 - 2K 2 0 + 2N 2 , 
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it is seen that 2*5 molecules of oxygen are consumed for each molecule of 
nitrogen evolved. If the reaction does not go to completion, it would be 
incorrect to base the oxygen consumption on the nitrogen produced without 
allowing for the fact that the reaction occurs in stages. This allowance can 
be made by noting that four of these molecules of oxygen are consumed 
before nitrogen is evolved at all, thus 

4KN0 3 - 40 2 - 2K 2 N 2 0 2 . 

The ratio of the amount of nitrogen evolved to the total quantity in the 
original nitrate determines what fraction of the remaining 20 % of oxygen is 
consumed, because two molecules of nitrogen are evolved in this final stage 
for each molecule of oxygen consumed, thus 

2K 2 N 2 0 2 - 0 2 - 2K 2 0 + 2N 2 . 

The ratio of the oxygen consumed to the total amount available in the 
nitrate may be stated algebraically in terms of the amount of nitrogen evolved 
as follows. If the calculated total amount of nitrogen in a given weight of 
potassium nitrate is x cc., and the amount produced is ycc., then the ratio 
of the amount of nitrogen evolved to the amount in the salt is yjx, but the 
proportion of the oxygen consumed to the total amount available is 

(2# + 05//)/2-5x. 

Table II shows that in each culture the percentage of the available oxygen 
consumed, calculated from the volume of nitrogen evolved, was practically 100. 


Table II. 


Designation of culture 

SI 

S2 

S3 

S 4 

85 

SI 

Wt of KN0 3 in mg. 

6 

12 

18 

24 

30 

20(KN0 8 ) 

Time in hours before nitro- 

12 

13 

18 

37 

48 

13 

gen evolved 

Available nitrogen, x (cal- 

0-7 

1*4 

2*1 

2*8 

3*5 

2*8 

culated)* 

Vol. of nitrogen evolved, y 

0*71 

M0 

1*47 

2*39 

2*80 

2*20 

f Available oxygen (calcu¬ 
lated) 

1*75 

3*5 

5*25 

7*0 

8*75 

4*2 

{Calculated vol. of oxygen 

1*4 

2*8 

4*2 

5*6 

7*0 

2*8 

consumed before nitro¬ 
gen evolved 

§ Total oxygen consumed 

1*75 

3*35 

4*93 

6*8 

8*4 

3*9 

% of available oxygen con¬ 
sumed 

100 

96 

95 

97 

96 

93 


* All vols. of 0« and N 2 in cc. 

t This is the calculated volume at 17° and 760 mm. pressure of five-sixths of the oxygen in 
the nitrate, or of three-quarters of the oxygen of the nitrite. 

J Equal to the volume of the nitrogen available in the case of the nitrite, and equal to double 
this volume for the nitrates. 

§ 2x -1-0*5 y in the case of the nitrates; x + 0*5y in the case of the nitrite. 

(c) Effect of the initial acidity of the broth. Four cultures, 6/1, G 2, G 3 
and 6?4, were made in nitrite broth buffered with mixtures of phosphate and 
sodium hydroxide solutions to give initial p H values of 8*2, 8-0, 6*8 and 6-4 re¬ 
spectively. The thermostat was kept at 27°, and observations of gas production 
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made regularly over a period of 575 hours. Fig. 8 shows the denitrification 
curves, and Fig. 9 shows the rate of denitrification curves for these cultures. 

The final p u values after 575 hours were 9*3, 9*2, 8*7 and 8*2 respectively. 
The phosphate solutions employed as buffers were thus unable to prevent 
the development of alkalinity which always accompanies denitrification. 
Qualitative tests for nitrites (Griess-Ilosvay) showed a trace present in G 3, 
but gave negative results for the others. 



Time in hours 

Fig. 8. Curves showing the progressive increase of the lag in gas production with increase in 
initial acidity of the broth. The time scale is abbreviated bv omitting the interval from 96 to 
4(X> hours. * fe 



Fig. 9. The rate of denitrification curves of the 0 series of cultures calculated from experimental 
readings, some of which are shown in Fig. 8. The time scale is abbreviated as in Fig. 8. 

The amount of gas produced was 2*8, 2*6, 2*1 and 2*8 cc. respectively. 
A rough analysis of the gas in the capillary tube at the end of 575 hours was 
made in each case by passing the gas several times over anhydrous CaCl 2 



544 B. LLOYD AND J. A. CRANSTON 

and NaOH. Less than 0*1 ec. was absorbed in each case, indicating the 
absence of C0 2 in amount exceeding 3 %; this agrees with more accurate 
analyses [Cranston and Lloyd, 1930] which showed that the gas evolved from 
this organism is pure nitrogen. 

It is seen from the curves that increased acidity causes 

(1) increase in the lag in nitrogen production, viz., 14, 18,51 and 400 hours 
respectively; 

(2) diminution of the rate of evolution of nitrogen when once started; 
this implies a corresponding diminution in the rate of increase of bacteria; 

(3) progressive decrease in the maximum rate of gas production (shown 
by the peaks of the curves in Fig. 9), which may be taken to indicate that 
the maximum number of bacteria alive in the medium at any given time 
decreases with increased acidity. 

(d) Effect of temperature. A series of similar nitrite-broth cultures, T 1 ~T 6, 
was prepared, and the six cultures were incubated at the different temperatures, 
18°, 25°, 30°, 35°, 40° and 45° respectively. 

A thermostat was regulated to maintain a temperature of 40°, and into 
this were immersed up to their necks three thermos flasks containing water 
at 45°, 35° and 30° respectively. The temperature of the interior of a thermos 
flask was so little different from that of its environment that it remained 
sufficiently constant throughout the experiment. Thus these three thermos 
flasks and the thermostat provided constant temperature baths for four of 
the cultures. A second thermostat, regulated at 25°, provided for a fifth 
culture, and the sixth was kept at room temperature in the vicinity of the 
first thermostat where the temperature remained constant at 18°. 

The denitrification curves, which are not reproduced here, gave a series 
similar to those of Fig. 6, and enabled the duration of the lag phase to 
be determined. The results, which were confirmed by being carried out in 
duplicate, w T ere as follows. 


Designation of culture 

T 1 

T2 

T 3 

T4 

Th 

re 

Temperature, ° 0. 

18 

25 

30 

35 

40 

45 

Time in hours when gas 
was first produced 

26 

20 

17 

13 

25 

None in 
50 hours 


The optimum temperature for the growth of this organism under the given 
experimental conditions was thus about 35°. The following were found to be 
the two most marked effects as this temperature was departed from in either 
direction. 

(i) A marked increase occurred in the lag phase. This was specially shown 
at unfavourably high temperatures, for at 45° no gas was produced in 
50 hours. Incidentally, several days after the conclusion of the experiment, 
during which time the thermostat had been at room temperature, the 
culture T6 produced gas in normal amount. Thus the temperature of 45°, 
whilst inhibiting growth, had not destroyed the organism. 

(ii) The rate of denitrification became progressively slower [see also 
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Cranston and Lloyd, 1930]. This again was more marked at higher tem¬ 
peratures, the rate at 40° being 20 times less than that at 35°. This was 
probably due either to high mortality among the bacterial cells at this 
temperature, or to lethargy induced by this temperature. It may well be 
that at temperatures from 40° upwards, the bacterial cells develop into 
arthrospores and so are able to survive considerably higher temperatures. 

C. Other phases of bacterial growth. 

It has already been shown that the study by denitrification of the middle 
phases of bacterial growth can only be done with accuracy by using large 
quantities of broth culture and by making observations of volume changes 
at intervals not greater than half an hour. 



Time in hours from inoculation 

Fig. 10. A rate of denitrification curve A showing various phases of gas production w hich may 
be correlated with bacterial growth phases. The curve B is obtained by plotting the 
logarithms of these rates against the time. Two portions of this curve are straight, and 
represent the logarithmic growth phase and the logarithmic death phase respectively. 

An experiment was carried out at 20-7° with 90 cc. of a broth culture 
containing 0-25% KN0 2 . This was contained in a boiling-tube fitted with 
a rubber stopper through which passed a glass tube connected to the capillary 
tube. After the broth was inoculated, the air above it was replaced by nitrogen. 
Gas began to evolve 17 hours later, and the volume was then measured at 
intervals of about 15 minutes for 12 hours. The average rate of denitrification 
was then calculated over successive periods of about half an hour and plotted 
against the mean time from inoculation. The result is shown in curve A, 
Fig. 10. The logarithm of the rate of denitrification was also plotted against 
the mean time, and the result is shown by the dotted curve B, Fig. 10. 
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The following phases are shown. 

Logarithmic growth phase ... 

Phase of negative growth acceleration 
Maximum stationary phase 
Phase of accelerated death 
Logarithmic death phase ... 

Phase of slow decline 


from time 19 -21 hrs. 

„ 21 -22-4 

„ 22-4-23*0 

„ 23 -25-5 

„ 23-5-27 

„ 27 -29 


From time 29 to 54, the rate of evolution of gas was almost constant at 
0-3 cc. per hour, and then it deceased gradually until the 115th hour, after 
which no further gas was evolved. 

It will be seen that in general the successive phases are of short duration; 
this is probably characteristic of growth in a medium containing nitrite 
because, in addition to the abundance of food supply available initially, oxygen 
is present in the nitrite in a well-distributed assimilable form. This results in 
rapid growth until the oxygen is used up, after which the decline is equally 
rapid. The intermediate phases are thus compressed, and the death phase 
becomes of the type usually associated with the presence of a germicide, i.e. 
it is logarithmic. 


D. The changes in acidity of the medium during growth. 

In the reduction of nitrates or nitrites to nitrogen two substances are 
formed which affect the acidity of the medium, viz. C0 2 and K 2 G. These, of 
course, influence the p H value in opposite directions. In the initial stages of 
the reduction, no alkali is formed at all, but oxygen is being consumed and 
presumably is combining with carbon in metabolism. At this stage there is 
a small increase in the acidity, the minuteness of which indicates that only 
a small proportion of the oxidised carbon is liberated into the broth as 
dissolved carbon dioxide; certainly no appreciable amount of C0 2 escapes in 
the gaseous state. At the later stage of the reduction, when nitrogen is 
evolved, K a O is liberated, and forms KOH. The broth then rapidly becomes 
alkaline. 

In pure aqueous solution the reduction of nitrate to nitrite results in 
considerably increased alkalinity, due to the hydrolysis of the nitrite. In 
broth, however, owing to its buffer action, the change in p H for this reduction 
is found to be only 0-05, which is negligible compared with the other changes; 

The following is a summary of many observations that have been taken 
on the'Changes in the acidity of a broth during the growth of a culture. 

(i) In absence of nitrites or nitrates. When a sub-culture of Organism XIY 
is made into a broth of initial p# 8-5 and free from nitrates or nitrites, the 
growth of the culture is accompanied by a slight increase in acidity to a p B 
of about 8-2. After the usual phases of growth and decline have been com¬ 
pleted, the senescent culture slowly, over a period of a few weeks, restores the 
medium to a p M of about 8-6. 
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(ii) In presence of KNO%. In a nitrite-broth culture of p n 8*5, there is 
at first a slight increase in acidity, but when nitrogen is evolved, the p B 
rapidly increases to a value of about 9*3. The final value depends on the 
initial concentration of the nitrite, for the greater the concentration up to 
0*25 % the nearer to 9*3 is the final value. 

(iii) In presence of KNO. s . In a nitrate-broth culture, the p B first falls 
to 8*0, and then attains a final value of 8*2 to 8*8 according to the initial 
concentration of the nitrate. The lower final p B value attained with nitrates 
as compared with nitrites is explained by the greater amount of oxygen 
available in the former (and consequent greater production of carbon dioxide) 
for the same amount of nitrogen produced. 


SuMMABY. 

1. The phases in gas production by actively denitrifying cultures have 
been studied bv continuous measurements of the rate of gas production. 

2. The conditions under which such rates of gas production can be directly 
correlated with rates of growth are discussed. 

3. Some of the factors determining the duration of the lag phase of 
growth in organisms are considered. 

4. By varying the amount of nitrate or nitrite experimentally, it is de¬ 
monstrated that these substances are completely converted into some inter¬ 
mediate compound, which it is suggested is hyponitrite, before nitrogen is 
produced. 

5. It is shown that qne of the important factors in determining whether 
gas is produced or not, i.e. whether true denitrification occurs or not, is the 
initial concentration of the nitrate or nitrite. 

6. The effect of temperature on growth is investigated. 

7. In the interpretation of denitrification curves in terms of bacterial 
growth, it should be remembered that when all the factors are favourable to 
growth, the presence of nitrate or nitrite is specially conducive to rapid growth 
because oxygen is thus furnished throughout the medium in a most accessible 
manner, The multiplication of bacteria is therefore specially rapid as long as 
these substances last, after which the decline in the culture may be abnormally 
rapid, lack of oxygen being the principal limiting factor. 

The above work was carried out in part at the Millport laboratory of the 
Scottish Marine Biological Association. Thanks are due to the Superintendent. 
Mr R. Elmhirst, for the facilities placed at the disposal of the authors. 
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LXII. THE PRODUCTION OF HYDROGEN 
SULPHIDE BY ANIMAL TISSUES. 

By EMMA SLUITER. 

From the Physiological Laboratory of the University of Amsterdam . 

(Received February 21st , 1930.) 

De Rky Pailhade [1888] demonstrated that yeast and various animal 
tissues could reduce sulphur to hydrogen sulphide, and ascribed this activity 
to the presence of a specific constituent which he called philothion. His views 
as to its precise nature have several times undergone change, but at one time 
at least [1894] he ranked it as an oxidation ferment. The view that an enzyme 
is concerned in the phenomena has been contested, among others, by Abelous 
and Ribaut [1903], and especially by Heffter, who [Heffter and Hausmann, 
1904,1908] decided that the reducing action of organs on sulphur depends upon 
the influence of SH groups. Heffter, as is well known, developed views which 
attached great importance to the thiol group of cysteine in the respiration of 
tissues. 

Strassner [1910] showed that the presence of SH plays a part in the re¬ 
duction of methylene blue by the tissues; but the extensive experiments of 
Thunberg and his colleagues, as well as those of other workers, have demon¬ 
strated how large a part is played by the dehydrogenases in the reduction of 
substances such as methylene blue. On the other hand, Hopkins [1921, 1922, 
1925] finds that dehydrogenases in the presence of their substrates do not 
apparently reduce cystine or oxidised glutathione. The power of the tissues to 
reduce these depends upon other factors. It would seem of interest to decide 
whether nevertheless these enzyme systems can reduce free S itself. While it 
is certain that the presence of SH groups is largely responsible for the pro¬ 
duction of H 2 S from S it is not yet certain that enzyme activity, calling upon 
other sources of hydrogen, takes no share in the process. 

To decide this point was the aim of the present investigation. Experiments 
have been carried out to determine (1) whether the same proportionate re¬ 
lation exists between the amount of SH in the tissues and the amount of the 
HjjS produced therefrom as obtains when solutions of pure glutathione are 
similarly treated; (2) the influence of temperature and p n on the process; 
(3) the influence of H-donator concentration; and (4) the effect of adding a 
dehydrogenase. 


Biochem. 1930 xxiv 
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Methods used. 


It is well known that a solution of H 2 S, made acid with HC1, gives, on the 
addition of dimethyl-p-phenylenediamine sulphate and a small amount of 
ferric chloride, methylene blue. Upon this reaction a colorimetric method for 
the estimation of H 2 S may be based. In applying this method in my own 
experiments I have employed not a colorimeter, but an extinctiometer as 
described by Moll. The procedure will be clear from the diagram (Fig. 1). A 
source of light (a 4-volt lamp) is placed between two thermopiles. Between the 
lamp and pile I is placed a trough containing the solution of which the heat 
adsorptive capacity is to be tested; between pile II and the lamp is placed an 
exactly similar trough containing water. The amount of heat which reaches 
the respective thermopiles and the corresponding potential produced varies 
of course with the adsorption exerted by the interposed solutions. The ad¬ 
sorption of the methylene blue solution under study is thus balanced against 
pure water as a control. The thermopiles are connected with a galvanometer 
as shown. AB and CD are symmetrically disposed resistances and the latter 
being adjustable is employed as a compensator. 


Thermopile L j°l uld Water Thermopile 

DIO l Q?\ 

gtfl Lamp Kll * 1 


JJ= 


/ ( 

( \ 
aWVWWIWV 1 ®--... 


\ 


3^'Wy/WIMM j 


Galvanometer 


try 


Fig. 1. Extinctiometer. 


The apparatus is first adjusted by placing the lamp in such a position that 
both piles receive the same amount of radiation when both troughs are filled 
with water and the resistances equal. The galvanometer then registers no 
current. When in trough I the water is replaced by the coloured solution there 
is greater heat adsorption and the consequent diminution of the current from 
pile I ia registered by the galvanometer. Equilibrium is then restored by shift¬ 
ing the contacts of CD. Decrease of the distance between C and D is propor¬ 
tional to a decrease in the thermoelectric current from pile II. The reading in 
ohms on the scale of CD gives, when the apparatus is calibrated, a direct 
measure of the concentration of methylene blue in trough I. 

In order to test the method, varying known concentrations of methylene 
blue were placed in trough I and the readings on the compensator scale were 
plotted against these. Duplicate determinations agreed well (Table I) and the 
results yielded a smooth curve (Fig. 2). 
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Table I. 


CO. of 

methylene blue sol. 
in 20 cc. water 
0*25 
0-50 
100 
2-00 


Ohms 
4-6; 4-6 
7*2; 7-1 
100 ; 

12 - 8 ; 12*8 



Fig. 2. Extinction curve of methylene bluo. 


There is, however, no relation between the extinctiometric values of 
solutions of pure methylene blue and the solutions containing HC1 as prepared 
from H 2 S on the lines described. The spectrum of methylene blue has two bands 
in the red while that of its hydrochloride has but one; that on the boundary 
between red and yellow being absent from the latter. The colour of a solution 
containing HC1 has therefore an element of orange. Since yellow absorbs more 
heat than violet less heat is transmitted by a given concentration of methylene 
blue when HC1 is present. 

The results given in Table II show this eSect, the figures being given in the 
form of the compensator readings. It will be seen that the reagents added for 
the production of methylene blue from the Ii 2 S have only a negligible heat 
absorption. 

Table II. 


Methylene blue 
1/5000 

Water 

H01. 

Reagents 

Ohms 

00 . 

cc. 

cc. 

cc. 

5 

10-5 

0 

0 

19-6 

5 

8 

2 

0-5 

29-9 

6 

8-5 

2 

0 

29-0 

5 

10 

0 

0*5 

20-3 

0 

13 

2 

0-5 

0-7 


In order to calibrate the apparatus for use it was therefore necessary to 
construct a curve from methylene blue solutions as obtained by adding the 
reagents to H^S solutions of known concentration, the procedure being the 
same as in the actual experiments. The H 2 S solutions were made by diluting 
a solution very accurately titrated with iodine. The curve thus obtained is 
given in Fig. 3. 


35—2 
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As a further test of the consistency of the results determinations by the 
method were made on each of two solutions which were then mixed, and 
determinations again made on the mixture. It will be seen (Table III) that the 
results are consistent. 



Fig. 3. Calibration curve for H 2 S. 


Table III. 





HjS deter¬ 


HgS 


mined in 

Solution 

estimated 

Average 

mixture 


mg. 

mg. 

mg. 

a 

a' 

0-62 \ 

019 j 

0-405 

0-42 

b 

b' 

091 \ 

0-53 / 

072 

074 

c 

c' 

081 \ 
1-28/ 

1 04 

1-05 

d 

d' 

028 \ 

012 / 

0-20 

0-20 

e 

e' 

009\ 
005/ 

007 

0-065 


A number of experiments were made to determine the effect of temperature 
changes upon the result. It was found that within the ordinary range of room 
temperatures the effect was small though not negligible. It is best to work 
near to the temperature at which the apparatus is calibrated. Keeping the 
methylene blue solutions for 24 hours before making the estimation was found 
to have no effect upon the results. 

The yield of H 2 S when sulphur is brought in contact with 

GLUTATHIONE. 

Hopkins has mentioned incidentally that reduced glutathione when shaken 
with sulphur yields HgS. I have to thank Sir F. G. Hopkins for a supply of that 
substance sufficient for the following experiments. , 
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I first set out to determine whether the thiolpeptide yields amounts of 
H 2 S proportionate to the concentration of SH in solution. Solutions of various 
concentrations were made, the SH being determined by titration with JV/100 
iodine. The p n of all solutions was adjusted to 7*6. To each was added a 
measured quantity of a 2 % solution of colloidal sulphur. The solutions were 
placed in bottles which were evacuated and placed in a thermostat for 2 hours. 
At the end of a given period the H 2 S was in each case drawn oyer by a stream 
of air which had been washed through lead acetate solution into a known 
volume of N/10 NaOH. To the solutions thus obtained N /10 HC1 was added 
in amount equivalent to the NaOH employed. Concentrated HC1 (2 cc.) was 
then added, 0-5 cc. of the solution of dimethyl-p-phenylenediamine sulphate, 
and finally two drops of ferric chloride solution. Estimations of the methylene 
blue so obtained were made in the extinctiometer apparatus (Table IV). The 
first two solutions were colourless. 

Table IV. 


SH in 

h 2 s 

SH in 

H 2 S 

produced 

solution 

produced 

solution 

(mg-) 

(mg.) 

(rag.) 

(rag.) 

1*52 

0 

304 

0-24 

1*88 

0 

4-86 

0*60 

2*43 

0*14 

5*25 

0*63 


The production of H 2 S appears to require a certain minimum of SH before 
it becomes evident. The remaining figures are few, but if plotted they show a 
linear relation and suggest that 1 mg. SH after 2 hours’ contact of the gluta¬ 
thione with sulphur yields 0*2 mg. H 2 S. 

The relation between SH-content of tissues and H 2 S 

PRODUCTION WITH SULPHUR. 

The literature contains a large number of estimations of the SH content of 
tissues. It would take, however, too much space to summarise them here. 
The following figures were obtained by me in the course of this research, using 
Tunnicliffe’s method [1925]. They are average values and are given in terms 
not of glutathione, but of SH (mg. per 100 g. tissue). 

Liver: (cow) 364; (dog) 52*5; (rabbit) 45*1. 

Kidney: (dog) 24*5; (rabbit) 21*6. 

Thymus: (calf) 35*2. 

Lung: (cow) 17*2; (dog) 9*5. 

For the estimation of the yield of H 2 S by tissues in contact with sulphur 
the same technique was employed as that described above. Under the 
circumstances of these experiments the tissues without added sulphur yielded 
no HaS (Tables V and VI). 

Liver was chiefly employed. In the case of smaller animals this was the 
only organ yielding enough material for a series of observations, and it easily 
yields uniform preparations. The degree of subdivision of a tissue is not without 



554 


E. SLUITER 


effect upon the rate of H 2 S formation. All values given represent the mean of 
two determinations; if these differed by more than 10%, the result was 
rejected; the difference was usually much smaller. 

The urethane narcosis consisted in the injection intraperitoneally of a 
25 % solution of urethane in water, 4 g. per kg. 

The relation between amount of tissue (or amount of SH contained in it) 
and H 2 S evolved is in all cases strictly linear. 



Table V. 

Weight of tissue SH content 

HjS evolv 

Exp. no. 

(g.) 

(mg.) 

(mg.) 

1 

Liver 05 

— 

0 


1-0 

— 

038 


1-5 

— 

081 


2-0 

— 

1*23 

2 

Liver 0*5 

— 

074 


10 

— 

1*38 


1-5 

— 

2*00 

3 

Liver 0-5 

116 

0 


1-0 

2*32 

046 


1-5 

3*48 

1*06 


2-0 

4*64 

1*73 

4 

Kidney 0*5 

103 

0 


10 

2*06 

0*47 


1*5 

3*09 

080 


2*0 

4*12 

104 

5 

Liver 0*5 

088 

0 


1*0 

1*76 

034 


1*5 

2*64 

0*64 


2*0 

3*52 

090 


Further experiments were carried out upon various organs from different 
animals in order to determine the yield of H 2 S from the existing concentration 
of SH in the tissue in question (Table VI). 

If in these experiments only the amount of SH and the quantity of H 2 S 
produced be considered, it will be evident that no parallelism or regularity is 
shown. This is in agreement with the statements of Hausmann. 

In order to compare organs concerning their production of HgS, experi¬ 
ments were carried out with the organs of the same animal, yielding the results 
given in Table VII. 

For the comparison of the H 2 S production per 1 mg. SH of the different 
organs, the experiments in which the animal was not narcotised are the most 
reliable. These also show that the values are not in agreement (Table VII). 

From the figures the conclusion may be drawn that organs from larger 
animals such as the cow, dog and pig produce less H 2 S than organs from small 
animals. 

Hopkins [1921, 1922, 1925] finds in the tissues of small animals in all 
circumstances a higher reducing power than in the tissues of larger animals. 

These experiments show that a marked difference exists between the H^S 
formation by tissues and by reduced glutathione. The action of microbes can 
be excluded in the first case, for toluene was added and the period was tqo 
short. The rate of H 2 S production was measured by starting a series of equal 
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Exp. no. 

2 a 

3 

4 

5 
0 

7 

8 
9 

10 

11 

12 

13 


1 

la 

2 

3 

4 

5 

6 

7 

8 
9 

10 


1 

2 

3 

4 

5 

5a 

6 

7 

8 
9 

10 

11 

12 

13 

14 

15 

16 


1 

2 

3 

4 

5 


1 

2 

3 

4 

5 

6 


Table VI. 

Lung. 


mg. SH 

mg. H a S 

1*20 

0*40 

1-23 

0*48 

1*60 

0*87 

1-64 

0*60 

1*79 

0*95 

2-49 

0*12 

2-75 

Ml 

3-32 

0*15 

3-50 

0*68 

7-6 

0 

9*5 

0 

12*02 

0*28 


1*59 

0 

1*64 

1*35 

3*17 

0*69 

3*19 

0*04 

3*21 

0*28 

4*23 

0*82 

5*9 

1*15 

6*38 

0*61 

7*44 

0*27 

7*9 

1*39 

9*9 

1*46 


1*02 

0 

1*34 

0*73 

1*51 

0*72 

1-61 

0 

1*05 

0*50 

1*70 

0*71 

2*18 

0*02 

2*19 

1*07 

2*20 

0*54 

2*48 

0*26 

2*72 

0*22 

3*10 

0 

3*30 

0*05 

3*70 

083 

4*20 

0-29 

5 

0*43 

057 

2*53 


1*19 

0*25 

2*39 

0*45 

3*30 

0*39 

12*82 

1*37 

13*00 

M0 


2*12 

0*13 

4*52 

0 

8*07 

0 

11*30 

0 

1*50 

0 

1*99 

0*18 


Remarks 

Cat, organ fresh, no narcosis 

Rabbit, organ 1 day old, 1 hour ether narcosis 

Rabbit, organ 1 day old, 1 hour ether narcosis 

Rabbit, organ l day old, urethane narcosis 

Rabbit, organ 1 day old, urethane narcosis 

Dog, organ ) day old, 2 hours’ ether-chloroform narcosis 

Rabbit, organ 1 day old, 1 hour ether narcosis 

Dog, same as in exp. 7 

Rabbit, organ fresh, no narcosis 

Cow, organ 1 day old 

Cow, same as in exp. 11 

Cow, organ 2 days old 


Liver. 

Rabbit, organ 1 day old, 1 hour ether narcosis 
Cat, organ fresh, no narcosis 
Rabbit, organ 1 day old, urethane narcosis 
Rabbit, organ 1 day old, 1 hour ether narcosis 
Rabbit, organ. 1 day old, ether narcosis 
Rabbit, organ fresh, no narcosis 
Rabbit, organ 1 day old, narcosis? 

Rabbit, organ 1 day old, 1 hour ether narcosis 
Dog, organ 1 day old, ether-chloroform narcosis 
Rabbit, organ 1 day old, narcosis? 

Rabbit, organ 1 day old, narcosis? 

Kidney. 

Rabbit, organ 1 day old, urethane narcosis 
Rabbit, organ 1 day old, 1 hour ether narcosis 
Rabbit, organ 1 day old, 1 hour ether narcosis 
Cow, organ fresh 

Rabbit, organ 1 day old, ether narcosis 

Cat, organ fresh, no narcosis 

Dog, organ 1 day old, ether-chloroform narcosis 

Rabbit, organ fresh, no narcovsis 

Dog, organ 1 day old, 4 hours’ ether-chloroform narcosis 

Dog, organ 1 day old, J hour chloroform narcosis 

Dog, organ 1 day old, 4 hours' ether-chloroform narcosis 

Pig, organ 3 days old 

Pig, organ fresh 

Dog, organ 1 day old 

Cow, organ 2 days old 

Pig, organ 2 days old 

Pig, organ 1 day old 

Thymus. 

Calf, organ 1 day old 
Calf, organ fresh 
Calf, organ 5 days old 
Calf, organ 1 day old 
Calf, organ 1 day old 

Spleen. 

Cow, fresh 

Cow, organ 1 day old 
Cow, organ 2 days old 
Cow, organ 1 day old 
Rabbit, fresh, no narcosis 
Cat, fresh, no narcosis 
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Table VII. 

mg. H 2 S to 


Exp. no. 

Organ 

mg. SH 

mg. HjjS 

1 mg. SH 

Remarks 

1 

Kidney 

1-34 

0-73 

0*54 

Rabbit, 1 hour ether narcosis 


Lung 

1-23 

0*48 

0*39 


2 

Liver 

3*17 

0*00 

0*19 

Rabbit, urethane narcosis 


Kidney 

1*57 

0*13 

0*082 



Lung 

1*79 

0-95 

0-52 


3 

Liver 

1*59 

0 

0 

Rabbit, 1 hour ether narcosis 


Liver 

6*38 

0*01 

0*095 


Kidney 

1*51 

0*72 

0*47 



Lung 

1*00 

0*87 

0*54 



Lung 

0*80 

0 

0 


4 

Liver 

3*21 

0*28 

0*087 



Kidney 

1*05 

0*50 

0*303 



Lung 

1*15 

0*09 

0*078 


5 

Brain 

5*14 

0*90 

0*175 

Rabbit, no narcosis 


Liver 

4*32 

0*82 

0*189 



Lung 

3*50 

0*08 

0*194 



Kidney 

Spleen (1*6 g.) 

2*19 

1*07 

0*488 


0 

Liver 

1*64 

1*35 

0*823 

Cat, no narcosis 


Kidney 

1*70 

071 

0*419 



Lung 

1*20 

0-40 

0*333 



quantities of tissues and measuring the amount of H a S produced after a certain 
time. The curves of Fig. 4 show some examples: in the first hour or the first 
half hour much H 2 S was produced, and the longer the period the less was 
produced. 



Hours 


Fig. 4. Rat© of production of H a S by liver. 

I Liver (cat) 1*50 mg. SH per 1 g, 

II Liver (cat) 1*83 „ 

III Liver (dog) 3*58 „ 

IV Liver (cat) 1*10 
V Liver (cat). 

. VI Liver (cat) diluted. 
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Various factors which might throw light on the nature of the action were 
now investigated. 


Temperature. 


The tissues were treated in the usual way by rasping or cutting. The 
quantities were weighed and the bottles were placed in the boiling water-bath. 
The temperature in the bottles averaged between 70 and 80°. The amount of 
SH was also determined in heated and non-heated tissue by Tunnicliffe’s 
method. The coarseness of the tissue is important for the decrease in SH. The 
duration of heating also is of influence. The tissue used for H 2 S production 
must always be of equal fineness (Table VIII). 


Table VIII. 



mg. SH 

mg. Hj,S 

1 g. liver, not heated 

415 

2* 10 

10 min. at 70-80° 

305 

M0 

2 g. liver mixture, not heated 

2-9 

0*69 

5 min. at 70-80° 

2 

0*45 

10 min. at 70-80° 

0-70 

0 


In an SH solution obtained by treating tissue with trichloroacetic acid the 
amount of SH decreased in the same way in proportion to duration of heating 
and to temperature (Table IX). 


Table IX. 

cc. N/100 Iodine 

5 cc. SH solution, determined immediately 0*95 

after 5 min. at 70-80° 0*83 

after 10 min. at 100° 0-71 

The H 2 S production therefore is decreased by heating and dissolving, 
because the SH group is decomposed. This can be demonstrated in a simple 
way, by bringing together the solution, or the tissue rasped and diluted with a 
buffer solution, and sulphur in a bottle and introducing a lead acetate paper. 
The bottle is evacuated and placed in boiling water. The longer the bottle 
remains in water, the more H 2 S is produced, and the SH content of the tissue 
or solution decreases. In one case 3 cc. SH solution contained 2-7C mg. SH 
when not heated; after boiling for 8 minutes, 2-16 mg.; in another case the non- 
heated SH solution contained 1-2 mg. SH; after boiling for 8 minutes it con¬ 
tained 075 mg. The same is true for tissues. When 1 and 2*1 cc. of tissue with 
lead paper are placed in boiling water for 1 and 2 minutes copious production 
of H 2 S is noticed. When the same quantities without lead paper are heated for 
the same length of time and the lead acetate paper afterwards introduced, and 
the bottles then evacuated and placed again in boiling water for 1 and 2 minutes, 
HLgS production is still evident in the first case, but not in the second. The SH 
had therefore been decomposed by heating. Abelous and Ribaut also observed 
a temporary increase of H 2 S production on heating. 
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Tissue yields H 2 S on boiling only when S is added. 

The rates of decrease of SH groups and of H 2 S production are not pro¬ 
portional, as the H 2 S production decreases much more rapidly. This agrees 
with the observation of Tsubura [1925] and Meyerhof [1926, 1928]. 


# 

Influence of p#. 

In my experiments I used buffer solutions of primary and secondary phos¬ 
phate (Clark). Equal quantities of tissue w^ere brought together with 1 cc. 
of a phosphate buffer solution (Clark). 

Some of the results obtained are shown in Fig. 5. The absolute heights of 
the curves are not comparable, but this is unnecessary since, as remarked 
already, the duration of the experiments varied. From these curves may be 
deduced that generally H 2 S production does not take place in a system at 
Pn 4- With increasing alkalinity H 2 S production starts or increases and reaches 
its maximum at p K 7-8. If the alkalinity increases still more the production 
decreases again. No error is caused by absorption of H 2 S by the buffer. 



Fig. 5. Influence of on II 2 S production of tissues. 


2 Liver 0*61 mg. SH.^ 

3 Liver 0-61 „ 

4 Kidney 0-845 „ 

6 Kidney 1-60 „ 

7 Kidney. 

10 Liver. 


Influence of II-donators. 

Concerning glutathione, Hopkins [1922] states that neither succinate nor 
citrate accelerates the reduction of glutathione. Reduced glutathione does 
not act as a H-donator in Thunberg’s sense. This is deduced by Hopkins 
from equilibrium determinations in which no relation could be found between 
the quantity of methylene blue reduced and the quantity of H-donator changed 4 . 


h*s production by tissues 


559 


In preliminary experiments I used a 1 % solution of potassium succinate 

and observed that this caused the H 2 S production in various organs to increase 
(Table X). 

Table X. 

mg. SH to mg. HjS 

1 g. tissue produced 

4 g. lung tissue 

3*32 

0*15 

4* 1 cc. 1 % K* succinate 

3*32 

0*51 

1 g. liver 

3*17 

0*69 

+1 cc. 1 % K succinate 

317 

M3 

1 g. liver 

— 

1*65 

4-1 cc. 1 % K succinate 

— 

1*73 

1 cc. kidney mixture 

0*51 

0 

4-1 cc. 1%K suoeinate 

0*51 

0*27 

2 g. kidney 

— 

0*29 

4-1 cc. 1 % K succinate 

— 

0*44 

1 g. lung 

1*64 

0*58 

4-1 cc. 1 % K succinate 

1*64 

0*02 

2 g. kidney 

— 

0*29 

4-1 cc. 1 % K succinate 

— 

0*47 

5 g. spleen 

11*30 

0 

+ 1 cc. 1 % K succinate 

11*30 

0*23 


Those preliminary experiments therefore show, contrary to the results of 
Hopkins obtained with glutathione, that H 2 S production is influenced by 
hydrogen donators. If the tissue alone produces a relatively large amount of 
H 2 S the effect of adding a hydrogen donator is smaller than in a case in 
which the H 2 S production as such is slight. The experiments cannot be com¬ 
pared quantitatively since the times were not the same. 

It is possible that the greater or less effect of the added hydrogen donator 
is dependent on the amount of natural hydrogen donator contained in the 
tissue at the moment of the experiment. 

In addition to succinate, tartrate, citrate and malate were also investi¬ 
gated. Thunberg [1918, 1920] obtained with these salts an acceleration of the 
decoloration of methylene blue and drew the conclusion that they might act as 
hydrogen donators. The solutions used by me were 0-1 N accurately neutralised 
to phenol red at p u 7*6. To the tissue 1 cc. of the donator w r as added. 

The quantity of H 2 S produced was compared with the quantity produced 
by tissue + 1 cc. phosphate buffer at p H 7*6 or with 1 cc. water at p H 7*6 
(mixture of tap water at p H 7*8 and distilled water at p H 6*2) (Table XI). 


Table XI. 

mg. H 8 S 


1 cc. N/10 tartrate + tissue 

0*215 

— 

— 

0*41 

— 

0*97 

1 oo. N/10 citrate -f tissue 

0*79 

0*70 

0*77 

1*07 

0*90 

2*42 

1 cc, N/10 malate + tissue 

0*19 

— 

0*32 

0*45 

0*32 

0*91 

1 oo. N/10 succinate + tissue 

0*21 

0*36 

0*36 

— 

— 

0*835 

1 g. liver 4* 1 cc. buffer p n 7*6 

0 

0 

0 

0*37 

0*13 

— 

1 g, kidney 4* 1 cc, buffer p u 7*6 

— 

— 

— 

— 

— 

0*68 


Tartrate, malate and succinate have apparently an equal ability to act 
as hydrogen donator, but citrate yields without exception a much larger H 2 S 
production. Controls without tissue gave negative results. 
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If only the hydrogen directly combined with C acts as a donator, as 
Thunberg assumes, the larger number of H atoms (4 in citrate and succinate, 
2 and 3 in the tartrate and malate) cannot be the cause. But it is possible that 
the H of the OH group in citric acid is more mobile than the H in the OH 
group in malic and tartaric acids. It is remarkable that Tsubura was not 
able to demonstrate this action of citrate, but observed a renewed power of 
reduction in washed muscle pulp after adding potassium succinate. 

The few experiments carried out by me with reduced glutathione and 
hydrogen donators also showed an increased H 2 S production (Table XII). 


Table XII. 

mg. SH 

Glutathione 4- buffer solution 7-6) -f S 0*04 

-f citrate N/10 +S 0*18 

-f buffer solution (p H 7*6) 4- S 0*35 

4- succinate N/10 4-S 0*42 

In order to investigate the influence of the concentration of the hydrogen 
donator various dilutions of citrate and malate were used. 

M/10 citric acid (21*01 mg. to 1 cc.) 

Mj 10 malic acid (13*4 „ ,, ) 

From both solutions 5 dilutions were prepared, from the citrate 10*5, 5*25, 
2*625, 1*31 and 0*65 mg., from the malate 6*7, 3*3, 1*65, 0*82 and 0*41 mg. 
in 1 cc. 



0*40 [— 


1-1_I-1-1_I_I_I_I_I_I_i....J_I 

0 1 2 3 4 5 6 7 8 10 11 12 13 14 15 16 


Concentration of malate; mg. per cc. 


Fig. 6. Effect of malate as H-donator. 


The curves (Figs. 6 and 7) show the H 2 S production in these concentrations 
with different tissues. In the first place the steeper course of the curves 
after adding citrate is remarkable, i.e. the increased HgS production in com¬ 
parison with that after adding malate. 

In the second place it is evident that, if the tissue as such has produced 
much HgS, adding a small amount of donator has little or no influence. 

Thirdly, both donators, but citrate more clearly than malate, show a 
decrease in H g S production when the donator concentration is increased. The 
curve is parabolic* The optimum activity is situated at 6/20 M to 1/10 M lot 
both salts. 
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A single experiment was made with citrate at higher concentration, which 
showed that the largest amount of H 2 S was liberated at such a concentration 
(Table XIII). 

An inhibition of H 2 S production by adding donator was never observed 
if the pjz were carefully adjusted. 

Table XIII. 


mg. citrate mg. SH mg. HgS 

1 g. liver+ 1 cc. buffer pn 7*6 0 1*51 0*60 

liver 4- citrate M /2 100*5 — 1*23 

liver + citrate diluted x 2 50*25 — 1*58 

liver-|- citrate diluted x 4 25*15 _ 1*72 

liver + citrate diluted x 8 12*6 _ 1*80 


Influence of dehydrogenase . 

In order to investigate the influence of dehydrogenase on the H 2 S pro¬ 
duction of tissues a solution was prepared by Ohlson’s method [1921]. 0-5 to 
1 kg. of lean horseflesh, freed from fat and fascia, was ground three times and 
washed with 0-25 % NaCl solution until colourless, filtered through a cloth 
and pressed. The residue was shaken for an hour with an equal volume of 
2-4 % Na 2 HP0 4 solution and centrifuged. 



Fig. 7. Effect of citrate as H-donator. 

The enzyme solution had a much lower activity in presence of sulphur than 
tissue and also gave a much fainter nitroprusside reaction. In these experi¬ 
ments I used Thunberg bottles in which a lead acetate paper was placed, the 
bottles being left in the thermostat for 20 hours. These experiments were not 
quantitative but the difference in hue of the lead papers afforded an ap¬ 
proximate indication. 

1. Temperature. Heating at 65° for 10 minutes has little influence (in spite 
of the fact that according to Thunberg all dehydrogenases are inactivated at 60°). 
If the tubes be placed in boiling water after evacuation and introduction of the 
lead acetate paper, the papers are immediately coloured black; as in the case 
of tissue boiling causes much H 2 S to be produced quickly, the quantity of SH 
is exhausted and therefore after boiling but little 1I 2 S can be produced. 
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2. Effect of p H . A marked HgS production was observed at p n 5, sometimes 
larger, sometimes smaller, than at p n 7*6. At p n 8*3 the H 2 S production is 
positive but less marked. 

3. H-donators . As is the case of the tissue experiments addition of citrate 
promotes H 2 S production. Succinate also promotes H 2 S production. The 
effect of adding hydrogen donators is only evident if the enzyme solution be 
not too concentrated. 

Those experiments show that the enzyme (dehydrogenase) solution used had 
the same activities as tissue or glutathione but to a much less pronounced 
extent. 

If the enzyme solution be added to normal tissue, little increase in H 2 S 
production can be noticed in 1 to 1| hours. 

Summary. 

1. Three different sources of SH have been used. 

(1) Tissues. 

(2) SH solutions (glutathione or organ extracts). 

(3) A dehydrogenase solution. 

All these sources yield H 2 S after addition of S. In reduced glutathione, as 
well as in tissue, H 2 S production is during a certain time directly proportional 
to the quantity of SH present. Since all tissues contain SH, the H 2 S production 
can be explained undoubtedly by the purely chemical process: 

2G.SH + S - G.S.S.G. + H 2 S. 

The H 2 S production by tissues is much more marked than by the pure SH 
compound, when both contain the same amount of SH. This is not necessarily 
due to enzyme activity, but can be explained by the possibility that the SH 
group in tissues is more active than in the pure compound. Catalytic factors 
(iron catalysis, as mentioned by Warburg and Sakuma) may play a more im¬ 
portant part in the tissues than in the pure SH preparation. 

A solution of dehydrogenase (an enzyme which may be expected to yield 
H 2 S when brought together with 8) produces very little H 2 S. If the enzyme 
be added to normal tissue no increase in H 2 S production results. It is 
a remarkable fact that the organs of small animals have a higher ability to 
produce H^S than those of large animals, the amount of SH being the same. 

2. With all three sources of SH the influence of various factors was 
investigated. 

(1> Temperature. Increase of temperature, even up to boiling point, results 
in promotion of H 2 S formation and decrease of the SH content of tissue. This 
phenomenon cannot be explained by enzyme activity \ on the contrary, an 
enzyme should be destroyed at 100°. If the H 2 S production of heated tissue 
is determined, it appears that the HgS production decreases more quickly than 
the SH content. The heating therefore probably affects the other factors that 
are concerned with H^S production. 
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(2) p H . In a strongly acid or alkaline system the H 2 S production is small 
or nil. The optimum is at about the neutral point. This holds for gluta¬ 
thione as well as for tissues and enzyme solutions. 

(3) H-donators. Addition of H-donators results in an increase of H 2 S 
production. If the tissue as such is able to produce a large amount of H 2 S 
with S, the addition of H-donators is of little effect. Citrate gives rise in all 
three cases to the largest increase in II 2 S production. The donators have an 
optimum concentration between M /10 and M/20. 

3. Since H 2 S production may take place under circumstances in which 
enzymes are inactive and since an enzyme solution does not produce more 
H 2 S than corresponds with its content of SH, I believe the conclusion to be 
justified that H 2 S production in living tissue after addition of sulphur is not 
due to enzyme activity. 


REFERENCES. 

Abelous and Ribaut (1903). Compt . Mend. Acad. Sci. 137, 95, 268. 
Dh Rey Paiihade (1888). Compt. Rerid. Acad. Sci. 106, 1683. 

- (1894). Compt. Rend . Soc. Biol. 1 , 455. 

Heffter and Hausmann (1904). llofmeister's Beitr . 5, 213. 

-(1908). Med. Naturwiss. Arch. 1 , 81. 

Hopkins (1921). Biochem. J. 15, 286. 

— (1922). J. Biol. Chem. 54, 527. 

-(1925). Biochem. J . 19, 787. 

Meyerhof (1926). Pfinger's Arch . 170, 367. 

-(1928). Pfitiger'8 Arch. 199, 531. 

Ohlson (1921). Skand. Arch. Physiol. 41, 77. 

Straws ner (1910). Biochem. Z. 29, 295. 

Thunberg (1918). Skand. Arch. Physiol. 35, 163. 

-(1920). Skand. Arch. Physiol. 40, 1. 

Tsubura (1925). Biochem. J. 19, 397. 

Tumucliffe (1925). Biochem. 19, 194, 199. 



LXIII. A REDETERMINATION OF THE TITRATION 
DISSOCIATION CONSTANTS OF ARGININE AND 
HISTIDINE WITH A DEMONSTRATION OF THE 
ZWITTERION CONSTITUTION OF THESE 
MOLECULES. 

By THOMAS WILLIAM BIRCH and LESLIE JULIUS HARRIS. 

From the Biochemical Laboratory, Cambridge. 

(Received February 28th, 1930.) 

We were prompted to undertake the present redetermination by the con¬ 
sideration that certain values recently put forward are in serious conflict with 
those previously accepted. (1) In the first place, Simms [1928] has given con¬ 
stants for arginine, and, although he presents no experimental evidence in 
their support, and notwithstanding the fact that they diverge widely from 
earlier values, he nevertheless uses them as the basis for postulating that 
arginine exists in protein in the form of some unknown precursor, termed 
“prearginine.” We do not propose to discuss here the validity of Simms’s 
assumption that a knowledge of the pk value of a given group in an amino-acid 
enables one as yet to fix its value when it is combined in a complex protein 
molecule. Our purpose is merely to record results which confirm the earlier 
constants as opposed to those used by Simms. (2) In the case of histidine, 
Hirsch’s [1924] values and curves differ from Harris’s [1923, 1] conclusions in 
showing only one acid and one basic group instead of one acid and two basic 
groups. Further, the magnitude of the two p k constants given by Hirsch are 
not in particularly good agreement with the earlier values. In our redeter¬ 
mination we have confirmed the earlier conclusions, both as to the orders of 
magnitude, and also the number, of the constants. The issue is of some 
interest because several workers have made use of Harris’s description of 
tyrosine and histidine as diacid-monobase and dibase-monoacid ampholytes, 
respectively, to account for the acid- and base-binding power of proteins [e.g. 
Greenberg and Schmidt, 1924; Cohn and Berggren, 1925]. 

While carrying out the redeterminations we also proceeded to obtain 
experimental evidence of the zwitterion constitution of arginine and histidine. 

I. Arginine. 

From conductivity measurements of arginine salts, Kanitz [1906] first 
attempted to calculate the ionisation constants; but, “as pointed out by 
Harris [1923,1], Kanitz’s tabulation of his results contains misprints which 
completely distort some of his actual conclusions” [Hunter and Borsook, 
1924], two out of the three constants being incorrectly set out. Harris 
[1923, 1], from a revision of the conductivity data of Kanitz, as well as his 
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own colorimetric, electrometric and j? H -end-point determinations, described 
the predicted titration curve, consisting of two well separated components 
having mid-points at p H 2*3 and 9, plus a third value in an inaccessibly alkaline 
zone approaching p n 13-14; later a direct titration curve led him to the very 
accurately calculated value of 2*17 for the first component [Harris, 1925] 1 . 
Hunter and Borsook [1924] and also Hirsch [1924] obtained titration curves 
giving pa values very similar to the above, viz. 2*17, 9*10 and 12-84; and 2-07, 
9-18, —, respectively. Simms [1928], on the other hand, has cited values of 
2*29, 9-64, and 8*15, the last being described as relating to the —NH group. 

Experimental. 

1 . Titration in water. 

Several specimens of free arginine base, from two different sources, were 
used and the technique employed was that described in earlier papers [Harris, 
1923, 1, 2; 1925], which has since been generally adopted for determining 
dissociation constants in place of conductivity and other methods. The arginine 
was dissolved in water at approximately 0*1 N dilution and placed in the small 
specimen tube which was employed as titration vessel, and in which an atmo¬ 
sphere of hydrogen sufficed to prevent any absorption of C0 2 in the alkaline 
zone of the determination. The vessel was placed in a large box electrically 
regulated to a constant temperature, p H measurements being made by use 
of the following: hydrogen electrode of the Hildebrand-Cole pattern, saturated 
calomel half-cell, agar-KCl bridge, and Cambridge and Paul portable potentio¬ 
meter. As absolute standard 0*1 N hydrochloric acid was adopted, for which a 
Ph value of 1*07 was assumed; and the calomel cell was standardised against it. 
In order to diminish the magnitude of the blank correction in the titrations, 
and hence increase the accuracy of the determination [Harris, 1923, 1, p. 4(50], 
N HC1 and NaOH were used rather than 0*1 N, with a microburette graduated 
in 0*01 cc. 

From thep n resulting after each addition of NaOH or HC1, p* values were 
calculated by the Henderson-Hasselbalch approximation equations, as modi¬ 
fied to allow for the blank correction for free NaOH or HC1 [Harris, 1923, 1]. 

W [Naj~[OH ~]Jy _ 

/ rll n |^total amino-acid) - ((NaJ - [OH“]/y) 

^ _ T) , W_ [Clj-[H+]/y 

F* FR T* [total amino-acid] - ([Cl] - [H+]/y) # 

Each value of y, required in solving the above formula, was calculated on 
the basis of the total concentration of sodium (or chloride) present at the 
reading in question, and was arbitrarily assumed to be the same as for an equal 
concentration of NaOH (or KOI) in water alone—approximations giving results 

1 The approximate pK 9 value was fixed by determining its /> ir end-point, which was found to 
be p n 7 [Harris, 1923, 1, pp. 453, 482, 451] and also electrometrically [ Harris, 1923, 2, p. 3300]; 
whilst the highly alkaline value was based on the observation that no measurable alkali was needed 
when titrating arginine to the standard end-point p u 11-5, satisfactory for other amino-acids 
[Harris, 1923, 1, pp. 479]. 

Biochem. 1930 xxrv 


36 



506 T. W. BIRCH AND L. J. HARRIS 

sufficiently accurate for the present purpose [Harris, 1925]. These values of y 
for NaOH and KC1 were taken from the result of Harned [1925] and Noyes 
and Mclnnes [1920], respectively. If great precision is required in the very 
acid part of the curve, jt> H < 2*2, it would be more accurate to take somewhat 
higher values for y, i.e. approximating more towards y for HC1. 

The experimental results and values derived therefrom are tabulated below. 

Table I. Titration of arginine with NaOH at 23°*. 


0*1050 g. dissolved in 5*0 oe. of C0 2 -free water and titrated with 1*08 N NaOH. 

(d) 





ce. of 

Ex- 



(?) 




108 N 

pressed 

M 

(!) 

y corre* 

(a) 

(b) 

(cy 

NaOH 

as Nj 1 

Total 

[NaOH] 

sponding 

E.M.F. 

Pl3L 

[H-j 

added 

NaOH 

vol. 

~d/e 

with / 

858-0 

10*53 

0-30 x 10' 10 

0 000 

0*000 

5*00 

— 

— 

898*5 

11*05 

0*89 x 10“ u 

0*022 

0*024 

5*02 

0*0046 

0*92 

925-0 

11*52 

0*30 X 10- 11 

0*050 

0-054 

5*05 

0*0107 

0*92 

946*0 

11*85 

0 *14 x 10“ 11 

0*086 

0*093 

5*09 

0*0183 

0*88 

955*0 

12-00 

100 x 10 12 

0*115 

0*125 

5*12 

0*0244 

0*88 

903*0 

12*14 

0*73 x 10“ ,a 

0-150 

0*162 

5*15 

0*0315 

0*86 

979*0 

12*40 

0*40 x 10~ 12 

0*260 

0*283 

5-26 

0*0538 

0*82 

987*5 

12*50 

0*28 x 10“ 12 

0*360 

0*390 

5-36 

0*0728 

0*78 

994*0 

12*60 

0*22 x l<r ls * 

0*470 

0*509 

5-47 

0*0931 

0*77 

1009*0 

12*91 

0*12 x icr ia 

0*850 

0*920 

5*85 

0*157 

0*75 


(h.) 

[OH'l 

( i) 

[ Free 
NaOH] 

U) 

[Com¬ 

bined 

NaOH] 

(*> 
ce. of 
combined 
NaOH, 

1 *0 X 

<0 

Equivs. 
of com¬ 
bined 

(m) 

(k) 

=K W /[H*] 

= LOH']/y 


—j x c 

NaOH 

log a/( 1 - o) 

Pi 

— 

— 

— 

.— 

— 

— 

— 

0*00124 

0*00135 

0*0033 

0*0164 

— 

— 

— 

0*00367 

0*00398 

0*0067 

0*0339 

0*029 

+1*51 

13*03 

0*00786 

0*00893 

0*0094 

0-0479 

0*053 

4* 1 *25 

13*10 

0*0110 

0*0125 

0*0119 

0*0609 

0*076 

+ 1-09 

13*09 

0*0151 

0*0176 

0-0139 

00712 

0*092 

4 0*99 

13*13 

0*0275 

0*0355 

0*0183 

0*096 

0-125 

40*84 

13*24 

0*0393 

0-0504 

0*0224 

0*120 

0*176 

4 0*67 

13*23 

0*0500 

0-0650 

0*0281 

0*154 

0*230 

40*52 

13*18 

0*0916 

0*122 

0-035 

0-209 

0*322 

40*32 

13*23 


* In view of the fact that specimens of arginine base may contain variable amounts of water of 
hydration and possibly also traces of combined acid the following method was adopted to convert 
actual amounts of MCI or NaOH added into true equivalents of HC1 or NaOH, i.e. equivalents 
corrected for normality of the arginine preparation. The values (ordinates) were plotted against 
the HOI (or NaOH) actually added (abscissae), and the scale for the abscissae was then inserted 
as equivalents, so as to show exactly one unit betw r een the two well marked points of inflection 
which occur at about p H 6 and 11, representing monohydrochloride and free base respectively. The 
values on this scale of equivalents are used in the above table. 

The specimen of arginine on which the above results were obtained gave on combustion: 
N = 30-2 % (by titration, 4 x amino-N = 31*6 %; theory for C fl H 14 0 2 N 4 =32* 18). 

A duplicate titration curve was determined upon a second specimen of arginine, derived from 
the same source (Hoffmann la Roche), and gave closely concordant values (not shown). 

A specimen of “arginine” obtained from Pfanstiehl on the other hand, although described as 
of 100 % purity, required only 81*3 % of the theoretical amount of HC1 to titrate one group; gave 
irregular p k curves; and on analysis showed 0 = 38*47 %, H = 7*90 %, N = 26-57 % (theoretical 
for C 6 H 14 0 2 N 4 : 0=41*34 %, H = 8*10%, N = 3218%). Its titration values are therefore 
neglected. 




Table II. Titration of arginine with HCl at 23?, 

0-1050 g. dissolved in 5*0 ec. of CO»-free water and titrated with 1*0 N HCL 
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Table IV. Titration of arginine nnth HCl at 17 
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2. Formaldehyde titrations. 

Titration curves were also determined in the presence of formaldehyde 
(Fig. 1), for this technique enables one to determine which of the p k values 
relate to the amino- and which to the carboxyl groups and hence in any given 
case to obtain direct evidence [Harris, 1928, 1929] for or against the zwitterion 
formula—for which only indirect evidence had previously been available. The 
method, already applied by Harris to certain other amino-acids, rests on the 
following considerations. When formaldehyde is added to a simple base, the 
production of any methylene derivative, in equilibrium with the base, results 
in a diminution of the apparent basic strength, which is shown by a fall in the 
Pk value of the titration curve. Titration curves of acids on the other hand are, 
in general, naturally not affected by formaldehyde. Now when we titrate 
amino-acids, peptides or the like in formaldehyde we find that we get a number 
of p k values shifted (towards diminished basicity) equal to the number of 
amino-groups in the molecule ; and virtually no shift occurs in those remaining 
Pk values corresponding with the carboxyl groups. For example, glutamic 
acid, or reduced glutathione [Pirie and Pinhey, 1929], show two stationary and 
one shifted p^ values, lysine one stationary and two shifted, glycine one 
stationary and one shifted, and so on. The shifted p * values in the amino-acid 
must clearly relate to the amino-groups for the following reasons. (1) In 
general, with mixtures of simple acids and bases of known p k values it is 
always the basic and not the acid groups which arc so shifted. (2) In ampho¬ 
lytes again, as just indicated, the number of p k values shifted is equal to the 
number of amino-groups in the molecule and the number not shifted to the 
carboxyls. (3) If the contrary view were taken (i.e. that the shifted curve re¬ 
lated to a carboxyl group and the unchanged to an amino-group) it would 
mean that formaldehyde causes no change in the measurable real basic; strength, 
a conclusion difficult to reconcile with the fact that the formaldehyde is added 
(in Sorensen titrations) with the express purpose of weakening this basicity ; 
it would also mean that there is an immense (e.g. 100,000 fold) increase in its 
true acid strength (i.e. in /v A , as opposed to & a , the constant for an apparent 
acid group, as used in Harris’s early papers where this effect of formaldehyde 
was first described),—a ridiculous supposition, most strikingly so in the case 
of molecules like polypeptides where the distance of the amino- from the 
carboxyl group would preclude the possibility that any slight change in the 
former would appreciably influence the strength of the latter. (4) Lastly it 
may be added that in its formaldehyde titration curve glycine behaves in a 
manner exactly parallel with ammonium acetate (the analogue of the zwitterion 
or “internal ammonium salt”) and just contrary to a weak acid-weak base 
mixture (the analogue of the classical amino-acid formula). 

In the case of arginine the p k at 9*1 is due to an amino-group and that at 
2*2 to a carboxyl group, for we found that the former p* was shifted by formal¬ 
dehyde in the direction of diminished basicity and the latter remained virtually 



2*0 1*8 1*6 1*4 1*2 1-0 0*8 0*6 0*4 0-2 0 0-2 0*4 0*6 0*8 1*0 

Equivalents (corrected for (1) HCl and NaOH blanks, and (2) molarity 
of arginine preparation 

Fig. 1. Acid-base combination curve of arginine. 

O Experimental at 23° in water. x Experimental at 17° in water. 

— Theoretical curve drawn from = 2 18, p k =9-09, p k =13*2 at 23°; or p k =2-17, 
Pfy—Q'BQp P^ > 13*2, at 17°. (The temperature shift in p k corresponds with the Change 
in the value of and is assigned to a basic (amino) group with a small temperature coefficient 
for its Kb* while p k ^ is assigned to the carboxyl group with a K A having similarly a relatively small 
temperature coefficient. 

.' Titration in formaldehyde (0*25 %) at 17°. With formaldehyde there is no appreciable 
shift in the p kj curve but considerable upward shift in the curve (increasing with further 

additions of formaldehyde). It is therefore concluded that the latter relates to a basic (amino) 
group, the basicity of which is weakened in presence of formaldehyde; and the former to the 
carboxyl group, since it is found in general that the true acidity of carboxyl and similar groups is 
not appreciably affected by ECHO. , 
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unchanged. The jpk values 9*1 and 2-2 are of the same order as those found for 
the amino- and carboxyl groups respectively in other a-amino-acids, and this 
of course is an additional argument in favour of our assignment. One concludes 
therefore that the p^ at 13-14 is due to the very strongly basic guanidine group, 
an assumption which is further confirmed by a direct titration curve which we 
have carried out on free guanidine base itself, from which we find that its 
dissociation constant is no less in magnitude but in fact somewhat larger even 
than that which we have assigned for the combined guanidine group of 
arginine. 


3. Magnitude of p fc temperature shifts . 

We have obtained yet further evidence supporting the above assignment, 
along somewhat novel lines, as follows. When titrations with the hydrogen 
electrode are carried out at several slightly differing temperatures, that curve 
which relates to the carboxyl group in the amino-acid ( e.g . in glycine) shows no 
appreciable shift; that is, the value has a small temperature coefficient. 
But, on the other hand, the titration curve for the amino-group shows a con¬ 
siderable shift with temperature, the magnitude of the shift depending mainly 
on the comparatively large change in the value of p Kw \ which of course enters 
into the hydrogen ion equation for a base, but not an acid; hence the magnitude 
of the real basic constant, B , calculated by subtracting p k (ix. u pk Ali i ) 
from the value for p Kw at the temperature in question, is, like the real acid 
constant, little affected by small temperature changes. 

In general, the combination curve of a basic group will show less change 
with temperature when plotted on the OH than on the H scale, while that of 
an acid group will show less change with temperature when plotted on the H 
than on the OH scale; provided always that the temperature coefficient for 
the p Ka (ot p KB ) is small compared with that for p Kw . The reverse would be 
true were the temperature coefficients greater than that for y Kw . 

For a base p B - p Kw - p Kv ~ log } “ o . 1 > 

or Poi3= Pk„ + log t “ q 2. 

For an acid p n = p Kji + log “ q .1, 

or Pan = ~ Ps A - log x “ a .2. 

That is, p Ky , with its appreciable temperature coefficient is involved in Equa¬ 
tion 1, but not 2 for bases, and in Equation 2 but not 1 for acids. These re¬ 
lations between titration curve temperature shifts and temperature coefficient 
of dissociation constants will be discussed in detail in a later paper. 

1 For the purpose of the present treatment we are adopting the classical, pre-Bronsted formu¬ 
lation of base-acid equilibrium. 
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In the case of arginine the first HC1 curve is shifted just as is the NaOH 
curve with glycine; but the second HC1 curve is not appreciably shifted. We 
assume therefore that the first HC1 curve (puj relates to a basic group. Its 
p* value, if expressed as a p KA constant, would show a relatively large shift 
with temperature; whereas expressed as a p KB constant (Pkb ^ Pk w ~ P*) 
it shows only a relatively negligible temperature shift. On the other hand, the 
value p k expressed as an acid constant shows little change with temperature: 
we accordingly assume, in further confirmation of the earlier evidence given 
above that it relates to an acid group. In the case of p^ there is a significant 
increase with lowering of temperature, so that we have here again additional 
evidence for relating it to a basic group. 


Table V. Zmtterion constants for arginine . 


Temp. 

Pk 

PKa 

?>Kb (=PK„-Plt) 

(17° 

2*17 

2171 

— 

CO 

o 

2-18 

218) 


(17° 

9-29 

_ 

4-88 (=14-17-9*29)) 

123° 

9-09 

— 

4-87 (= 13-96 - 9 09) j 


Our conclusions may be summarised and compared with Simms’s, as 
follows. 


Table VI. p k values 1 of arginine. 



Birch and Harris 

Simms 


concentration =0-1 N 

.x .. 


Guandine group 
a-Amino*group 
Carboxyl group 

temp. =23° temp. = 17° 
13-2 >13-2 

909 9-29 

218 2-17 

8- 15 

9- 64 
2-29 


II. Histidine. 



Similar methods were applied to histidine, and details and results are 
appended below. 

It will be noticed that the titration curve includes a second group titrating 
with acid at p* 1*8, not shown by Ilirsch. 

Since this work was concluded Schmidt et ah [1929] have published values 
for histidine which are in excellent agreement with our figures, although these 
authors express the NaOH and second HC1 curves as k a and k h constants 
respectively while we have definitely established them as A B and K A con¬ 
stants (from formaldehyde titrations, and a comparison of the magnitude of 
the temperature shift; see Fig. 2). p^ (first HC1 curve) remains a basic group, 
and no doubt relates to the iminazole group. 

1 h is used throughout for the apparent or titration constant, and is not necessarily exactly 
identical with the true dissociation constant of the formal classical definition. K A and K tt denote 
the titration constants expressed in the zwitterion mode, or the constants of true aoids and bases: 
k H and h denote the constants of apparent acids and bases. 
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Table VII. Titration of histidine monohydrochloride hydrate with NaOH at 23°. 


Hofmann la Roche specimen: 0 1047 g. dissolved in 5 cc. of CO*-free water, 
to make decimolar solution, and titrated with 1*08 N NaOH. 




cc. of NaOH, 

NaOH in 



E.M.F. 

Ph 

1-08 N 

equivalents 

log a/(l - a) 

Pk 

477-0 

3-94 

0-000 

0-000 

000 


527-5 

4-80 

0-028 

0-060 

+ 1-19 

5-99 

545-0 

5-10 

0-048 

0-104 

+ 0*93 

6-03 

557-5 

5-31 

0-076 

0-164 

+ 0-71 

6*02 

568-0 

5-49 

0-108 

0-234 

+ 0-51 

6-00 

577-0 

5-64 

0-148 

0-320 

+ 0-33 

5-97 

587-0 

5 81 

0-190 

0-410 

+ 0-16 

5-97 

597-0 

5-98 

0-234 

0*506 

-0-01 

5-97 

600-0 

6-03 

0-256 

0-554 

-0-09 

5-94 

605-0 

6 12 

0-278 

0-602 

-0-18 

5-94 

616-0 

6-30 

0*324 

0-700 

-0-37 

5-93 

632-5 

6-58 

0-376 

0-812 

-0-63 

5-95 

642-0 

6-75 

0-400 

0-864 

— 

_ 

649-0 

6-88 

0-422 

0-912 

_ 

_ 

666-5 

7-16 

0-447 

0-966 

— 

_ 

685-0 

7*48 

0-470 

0-016 

— 

_ 

700-0 

7-74 

0-488 

0-058 

+ 1-21 

8*95 

713-5 

7-97 

0-506 

0*094 

+ 0-98 

8-95 

725-5 

8-17 

0-532 

0-150 

+ 0-75 

8-92 

737-5 

8-38 

0*562 

0-216 

+ 0-56 

8-94 

746-0 

8-52 

0-592 

0-280 

+ 0-41 

8-93 

757-0 

8-71 

0-630 

0-360 

+ 0-25 

8-96 

768-5 

8-91 

0-678 

0-464 

+ 0-06 

8-97 

774-5 

9-01 

0-700 

0-512 

- 0-02 

8-99 

7800 

9-11 

0-728 

0-572 

-0-12 

8-99 

794-0 

9 34 

0-782 

0-690 

- 0-35 

8-99 

809-0 

9-60 

0-832 

0-798 

- 0-59 

9-01 

818-0 

9-75 

0-860 

0-858 

-0-77 

8-98 

835-0 

10-12 

0-892 

0-926 

— 

_ 

853-0 

10*34 

0-918 

0-980* 

_ 

_ 

877-0 

10-75 

0-932 

1-002* 

— 

_ 

894-0 

11-04 

0-944 

1-026* 

— 

— 


* Corrected for blank. 


Table VIII. Titration of histidine monohydrochloride hydrate with HCl at 23 \ 


Hoffmann la Roche specimen: 0 1047 g. dissolved in 5 cc*. of CO 2 -free water, 
to make decimolar solution, and titrated with 10 .V HCl. 




(<!) 



(9) 



cc. of 

(0 


y corre¬ 

(a) 

<*> (c) 

X HCl 

Total 

</> 

sponding 

E.M.F. 

Pb L'H‘1 

added 

vol. [HClJ = rf/c +0*1 

with / 

477-0 

3*96 0-0001 

0-000 

5-00 

0-1000 

0-74 

431-0 

3 17 0*0007 

0-024 

5-02 

0-1044 

0 74 

413-0 

2-80 0-0014 

0-048 

5-05 

0*1095 

0-74 

399-0 

2-63 0-0023 

0-078 

5-08 

0*1138 

(►•74 

387-5 

243 00040 

0-116 

5-12 

0-1203 

0-73 

378-0 

2-27 0-0054 

0-162 

5-16 

0-1284 

0-73 

368-0 

2*09 0-0081 

0224 

5-22 

0-1392 

0-73 

358-5 

1-93 0-012 

0-290 

5-29 

0*1495 

0-72 

350 0 

1-79 0-016 

0-358 

5*30 

0*1601 

0-72 


[ifci cc. 

(*•> 

. of com- 

( i) 

Equivs. of 



[HCl free] 

combined] bined HCl, 

combined 

(m) 

(«) 

«Pn/y 

=/- i 1-0A T x e 

HCl 

log a/ (1 - a) 

Vv 

—, 

0-1000 

0-500 

0-000 

— 

— 

0-0009 

0-1035 

0-520 

0-040 

-1-38 

1-79 

0-0019 

0-1077 

0-544 

0*088 

-1*02 

1-84 

0-0031 

0-1107 

0-564 

0-128 

“0-83 

1*80 

0-0055 

0-1148 

0*588 

0*176 

-0*67 

1-76 

0-0074 

0*1210 

0-624 

0-248 

-0-48 

1-79 

0-0111 

0-1281 

0-669 

0-338 

-0*29 

1-80 

0-0167 

0-1328 

0-703 

0-406 

-0-17 

1-76 

0*02522 

0-1379 

0-739 

0-478 

-0-04 

1-75 
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Equivalents (corrected for HC1 and NaOH blanks) added to histidine monohydrochloride hydrate 
Fig. 2. Acid-base combination curve of histidine. 

O Experimental (23°). 

— Theoretical curve for p k values at 1-78, 5-97, 8-97. At a lower temperature, viz. 17°, 
p kjj and p k# values were notably increased and therefore are assigned to basic groups. By analogy 
with all the a-amino-acids, the p k at about 9— i.e. p kg —no doubt relates to the a-amino-group and 
henoe the p k at 6— i.e. -relates to the iminazole group. Formaldehyde titration, again, con¬ 

firms the assignment of p k ^ to the carboxyl and p^ and p^ to basic groups. 

• •• Formaldehyde titration readings, with theoretical p k curves. 

-Curve given by Hirsch showing only one acid and one basic group each possessing 

different p k values from the above, and with no point of inflection at about p H 7-5. 


Table IX. p* values for histidine. 

Calculated by 


Temp. 

Harris [1923, 1] 
from Kanitz’s 
conductivity 

Hirsch 

Simms 

Schmidt, 
Appleman 
and Kirk 

Birch and 

measurements 

[1924] 

[1928] 

[1929] 

Harris 


25° 

oc 

o 

25° ? 

25° 

23° 

% 

1-7 

— 

1*46 

1*82 

1*78 

Pk, 

5*8 

6*32 

6*06 

6*01 

5*97 

Pu, 

8*7 

7*74 

9*41 

9*17 

8*97 



Summary. 




1. The pic value 8-15 given by Simms for the guanidine group in arginine, 
on the basis of which he postulated the existence of a “prearginine” group in 
proteins, is widely "divergent from a value, viz. « ca. 13 to 14, previously 
deduced (1) by one of us from titration readings and Kanitz’s conductivity data, 
and (2) electrometrieally by Hunter and Borsook. 
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An accurate redetermination has given us the three p^ constants, 13, 9*09 
and 2*18 (t ~ 23°, (H A), in good agreement with earlier values. 

It is shown, by Harris’s formaldehyde titration technique, and by a new 
method involving measurement of the shift of pk AB with temperature, that the 
first of these relates to the guanidine group, the second to an amino-group 
and the third to the carboxyl group. That is, the magnitude of the guanidine 
group’s dissociation constant as determined by us is 100,Q00 times greater 
than that given by Simms. 

2. Since the titration curve of histidine was originally reported by one of 
us to consist of three p\ components, whilst Hirsch described two only, a 
redetermination has been made which gives the three values 8*95, 5*98 and 
1*78 (at 23° and 0-1 A r ); the first relates to the amino-, the second to the 
iminazole and the third to the carboxyl group. 
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OBITUARY NOTICES. 

THORBURN BRAILSFORD ROBERTSON (1884-1930). 

Thorburn Brailsford Robertson, Professor of Biochemistry and General 
Physiology at the University of Adelaide, and Director of the Animal Nutrition 
Laboratory of the Commonwealth Council for Scientific and Industrial Re¬ 
search, died from pneumonia at Glenelg, South Australia, on the 18th January, 
1930. 

Biological science has lost, in Robertson, one of its most brilliant and 
energetic exponents. It is impossible, in a short note, to discuss the many 
problems which at different times absorbed his interest. He was one of those 
vigorous, fearless thinkers who seem to be entirely free from the inhibitions 
which restrain most of us in narrow paths of scientific enquiry. 

His magnificent courage and imagination led him into every aspect of 
biology which presented problems to his consciousness. Perhaps he attempted 
more than he could possibly expect to accomplish. His industry was pro¬ 
digious and his output was remarkable, for he suffered ill health throughout 
his life and died at the comparatively early age of 40. 

His work in recent years has been mainly concerned with the general 
problem of growth, but he had unusually broad interests and his publications 
covered a great variety of subjects. The first investigation on which he worked 
intensively was the physical chemistry of the proteins. He was a pioneer in 
this field and was one of the first workers to show that protein chemistry 
was amenable to quantitative treatment. The value of his early experimental 
work on the binding power of proteins for bases has been recognised on all 
sides, though his theoretical conceptions on the nature of protein salts failed 
to gain adherents. The problem of growth in all its aspects was his next chief 
interest, but he never suffered mental confinement in any one compartment 
of science. He went without hesitation into all phases of general physiology. 
At the time of his death he was working hard at animal nutrition, as Director 
of the Waite Research Institute at Adelaide, and his contributions to the 
biochemical aspects of sheep farming in Australia promise to be of con¬ 
siderable economic significance for the Dominion. 

He was a fluent, lucid and inspiring writer. His textbook of Biochemistry 
is unique in the success with which the subject matter is conveyed to the 
reader through the personality of its author. This book was written in two 
or three months with practically no reference to notes or books, and differs 
as widely as possible from the usual compilations which serve the purpose of 
textbooks. It is not only one of the most readable, but also one of the most 
stimulating works on the subject. 

Among his voluminous scientific writings are many which deal with the 
social relations of science, and no pen has more eloquently expressed the 
claims of the history of science to a place among the humanities. He once 

Biochem. 1930 xxiv 37 
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wrote a fascinating description of human biochemistry for little children 
under the intriguing title of the Universe and the Mayonnaise . 

Robertson had a most attractive personality, and was beloved by his 
colleagues in California, Toronto and Adelaide. Like all strong characters he 
made enemies, but never among his close associates. His originality of mind 
made him a stimulating colleague, and to his students he was as gracious as 
he was inspiring. 

His enthusiasm was communicated to those around him, and his return 
to Adelaide in 1919 to succeed Sir Edward Stirling in the Chair of Physiology 
was followed by an expansion of interest in scientific research, not only in 
Adelaide but throughout the Dominion. Robertson founded the Australian 
Journal of Experimental Biology and Medical Science , to which he was a 
frequent contributor. 

Robertson’s main service to science was in the realm of ideas. His practical 
work was of lesser significance, but in almost every direction in which his 
imagination led him he either contributed new conceptions or reoriented 
prevailing ideas. 

Biochemistry at this period has an abundance of practical workers, but 
a dearth of vision. Men of Robertson’s rare quality can ill be spared. 

h. w. 


ROBERT LAUDER MACKENZIE WALLIS (1886-1929). 

Mackenzie Wallis was a Cambridge man, a scholar of Downing College, 
with a first class in the Natural Science Tripos, Part I. His first appointment 
was that of Lecturer in Chemical Physiology at Cardiff and his second that 
of Demonstrator in Chemical Pathology at St Bartholomew’s Hospital. Soon 
after the war began Mackenzie Wallis went to India with the rank of Captain, 
where he remained to the end of the war. On his return in 1919 he was 
appointed Lecturer in Chemical Pathology at St Bartholomew’s in succession 
to Sir A. E. Garrod, and in the same year he was awarded the M.D. degree 
at Cambridge for a thesis which gained him the Horton-Smith Prize. In 1921 
he was appointed Chemical Pathologist to the Hospital. 

Mackenzie Wallis was a hard worker; he organised the new and rapidly 
growing department of Chemical Pathology at St Bartholomew’s and carried 
out a great mass of routing work in this subject himself, and supervised the 
work of others. The experience he gained in this way was placed at the service 
of his colleagues and of many others who were glad to avail themselves of it. 
He was constantly engaged on research in Chemical Pathology and the results 
of this work will be found in various clinical journals. Mackenzie Wallis was 
a genial and charming man, always ready to impart his knowledge to others 
and as ready to learn from others: his death on April 1st, 1929, at the* age of 
43 years, was a severe blow to his many friends at St Bartholomew^ Hospital 
and elsewhere. w. H. h. 



LXIV. THE REDUCTION OF METHYLENE 
BLUE IN MILK. 

THE INFLUENCE OF LIGHT. 

By HUGH ROBINSON WHITEHEAD. 

From the Dairy Research Institute , Massey Agricultural College , 
University of New Zealand . 

(Received March 27th, 1930.) 

Three types of reaction which will bring about the reduction of methylene 
blue added to milk have been known for a considerable time and have been 
utilised in various ways. 

(i) Schardinger [1902] has shown that milk contains an enzyme which is 
able to catalyse the reduction of methylene blue in the presence of an aldehyde. 
Tromrnsdorff [1909] has proved that the enzyme is a constituent of the milk 
itself, and is independent of micro-organisms. Other observers have shown 
that aldehydes may be replaced by xanthine, and methylene blue by nitrates. 
Hence the reaction is now recognised as a typical oxidation-reduction in which 
hydrogen donator and hydrogen acceptor are enabled to interact through the 
presence of an enzyme or catalyst. 

(ii) Milk which has been heated for a short time to a temperature over 
100° will bring about the decoloration of methylene blue. The mechanism of 
this reaction has not yet been definitely established. The possibility of enzyme 
action is of course excluded. Barthel [1925] considers that an oxidation- 
reduction occurs in which citrate acts as hydrogen donator, methylene blue 
as hydrogen acceptor, and some inorganic constituent of milk as catalyst. 
Schwartz [1929], however, has brought forward evidence in favour of the 
theory that hydrolytic products of the milk proteins, probably those con¬ 
taining sulphydryl groups, are the reducing agents. 

(iii) Milk containing living bacteria will decolorise methylene blue. The 
reaction in this instance is caused by an enzyme associated with the micro¬ 
organisms, and most probably is an oxidation-reduction in which the methylene 
blue acts as a hydrogen acceptor. The corresponding oxidation, which occurs 
simultaneously, must be a reaction which supplies energy for the growth of 
the organisms. Clark, Cohen, and Gibbs [1928] have shown that a reaction 
takes place in the absence of methylene blue, and that the dye, if present 
only in small quantity, is merely an indicator of reducing potential, analogous 
to an indicator of hydrogen ion concentration. Milk has therefore no 
specific function in the reaction, but is merely the source of substances suitable 
for the supply of energy to bacteria. 


37—2 
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The third reaction has been used for many years as a means of deter¬ 
mining the degree of contamination of market milk supplies, and it was while 
applying it for this purpose that the observation was made that light has a 
significant effect on the progress of the decoloration of methylene blue in 
milk. Some samples of milk to which methylene blue had been added were 
incubated in a water-bath with glass sides, designed to facilitate observation 
of the tubes. All the samples gave unexpectedly short reduction times 
averaging 2 to 3 hours. On repeating the test with the same samples of 
milk, but using an ordinary metal water-bath, many of the samples took 
more than 7 hours to reduce. Sunlight evidently had influenced the progress 
of the decoloration. 

So far as can be ascertained, there is no reference in the literature on 
methylene blue reduction in milk to any observation of the effect of light. 
Clark, Cohen and Gibbs [1928] have observed an oxidising effect of ultra¬ 
violet light on methylene white in aqueous solution, and Webster, Hill and 
Eidinow [1924] have used the decoloration of methylene blue in the presence 
of acetone for measuring the intensity of ultra-violet light. The latter reaction 
is said to be due to the decomposition of the acetone with the formation of 
reducing substances. 

Experiments were devised in an attempt to find an explanation of the 
mechanism of the process in milk. It was necessary first to determine whether 
an enzyme of the milk or of the contaminating organisms was concerned in 
the reaction. Reductase tests were set up in duplicate with fresh milk and 
some of the same milk heated for half an hour in a boiling water-bath. One 
series was incubated in water at 37° in a thin-walled glass vessel exposed to 
bright sunlight, and the other series was incubated in darkness. The tubes 
which were not exposed to sunlight retained the blue colour for more than 
7 hours. In the series exposed to sunlight there was very little difference 
between the heated and unheated milk samples. They showed decoloration 
in times which varied from half an hour to several hours, according to the 
intensity of the sunlight. Usually the heated milk samples were decolorised 
in rather shorter time than the corresponding unheated samples, but this 
was not always the case, and probably the difference was due to the loss of 
dissolved oxygen brought about by heating, and the varying degree of subse¬ 
quent aeration. In every instance the lower part of the tube was the first to 
lose the blue colour and the decoloration progressed upwards. There was 
always a blue ring left at the top of the tube and on dull days the decoloration 
w r as never complete in the upper half of the milk. In particularly intense 
sunlight the decoloration proceeded until there was merely a blue ring at the 
milk surface. Thereafter the blue colour was slowly regenerated in the upper 
part of the tube, and sometimes reached halfway down the milk column after 
several hours. In some experiments a layer of liquid paraffin was super¬ 
imposed on the milk to avoid any influence of atmospheric oxygen, but With 
heated milk no difference was observed. In unheated milk decoloration 
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occurred a little more rapidly when the milk was covered with paraffin, but 
the differences were hardly significant. This is in accord with the findings of 
Thornton and Hastings [1929] that diffusion of atmospheric oxygen into milk 
is much too slow to affect the reductase test. The number of bacteria in the 
milk seemed to have no bearing on the phenomenon in unheated milk, so 
long as the reduction caused by the organisms was sufficiently delayed, so 
that it was not superimposed on the light effect. In some experiments milk 
was obtained with sterile precautions directly from the cow into a sterile 
flask and the test was performed immediately. The results were exactly the 
same as those obtained with milk several hours old. This rules out the possi¬ 
bility that some heat-stable substance produced by bacterial action is necessary 
for the reaction. 

It is evident therefore that the reaction takes place between some chemical 
constituent of the milk and methylene blue under the influence of sunlight, 
or that some reaction takes place in the milk itself which produces a reducing 
potential sufficient to reduce methylene blue. In the latter case the dye 
would be acting merely as an indicator of the oxidation-reduction potential; 
in the former case it would be essential to the progress of the reaction. 
Electrometric measurements of the oxidation-reduction potential in the 
presence and the absence of the dye will be necessary to decide which explana¬ 
tion is correct. 

In a consideration of the substances in milk which may be concerned in 
the reaction, tlxe milk-fat attracted attention, for it is well known that some 
of the unsaturated fats in cream undergo oxidation more readily in the 
presence of light. To determine whether the fat was responsible for the re¬ 
ducing action, milk was run through a centrifugal separator and reductase 
tests were performed on the original milk and on the separate/! milk. In 
bright sunlight the tubes containing separated milk suffered no decoloration, 
whereas the whole milk tubes became colourless as usual in a longer or shorter 
time, depending on the intensity of the light. The blue sometimes paled 
temporarily in separated milk, but returned in an hour or two to its full 
depth. A layer of liquid paraffin on the milk again had no effect, so that the 
greater ease of diffusion of oxygen into separated milk could not be the 
explanation of the absence of decoloration. The substance necessary for the 
reaction must be a constituent of the cream. 

As a further test of the fat oxidation hypothesis some experiments were 
carried out in which salts of known fatty acids were added to separated milk 
in an endeavour to replace the substance which reacts with methylene blue. 
The sodium salts of palmitic and oleic acids were chosen as representatives 
of the saturated and unsaturated types. Clear-cut differences were imme¬ 
diately observed in reductase tests incorporating these substances and sepa¬ 
rated milk. The sodium palmitate had no effect within 7 hours, while the 
sodium oleate induced reduction in a short time in sunlight and had no effect 
in darkness. This seems strong evidence in favour of the theory that the 
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reduction of methylene blue in milk under the influence of sunlight is an 
oxidation-reduction phenomenon in which unsaturated fats are oxidised and 
methylene blue acts as hydrogen acceptor. The occasional return of colour in 
strong sunlight in the top layers of milk where fat is collecting may possibly 
be due to an autoxidation of the oxidised fats resulting in a final oxidation- 
reduction potential sufficient partly to re-oxidise the methylene blue. Further 
evidence would be needed on this point. 

Further work is projected in which the phenomenon will be examined in 
a more quantitative manner w T ith the aid of a quartz mercury-vapour lamp, 
for it seems most probable that the active agent is ultra-violet light and that 
more powerful effects w T ill be observed than with sunlight acting through one 
or two layers of glass. The phenomenon has obvious practical importance in 
connection with the keeping qualities of butter-fat in the presence of hydrogen 
acceptors. 

Experimental. 

In all reductase tests 20 cc. of milk were measured into a 6" by §" test- 
tube and 1 cc. of methylene blue solution was added. The dye solution was 
prepared from tablets supplied by Blauenfeldt and Tvede, Copenhagen, for 
the purpose of determining the bacterial reduction of methylene blue in 
market milk. The final concentration of dye in the milk was about 1 in 
100,000. The tubes used had been previously sterilised and when the tubes 
were inverted to mix the contents, the operator’s finger was washed with 
alcohol on each occasion. The samples were exposed to sunlight by immersing 
them in water at 37° in a thin beaker set close to the laboratory window. 

The effect of sunlight on methylene blue reduction in heated and 
unheated whole milk. 

Milk was measured into test-tubes some oi which were immersed in a 
boiling water-bath tor hall an hour. The heated samples were thereafter 
cooled in water and inverted several times to aerate the milk to a moderate 
degree. Methylene blue was added to all the tubes and one set was incubated 
exposed to sunlight while a control set was incubated in darkness. 


Table I. Times of decoloration in hours. 



In the light 

__ A _ 

In the dark 

_ 

Bright day 
Bright day 

Bull day 

Bull day 
Bright day 

r .' ^ 

Unheated milk 
225 

1*3 

j 15 

* (only i deed.) 

' 4 

\ (only k decol.) 
1-5 

Heated milk . 
1*73 

0*3 

15 l 

(only } deool,) j 

4 l 

(only \ deool.) j 
1*75 

t - 

Unheated milk 

All over 7 

w 

»# 

*1 

»» 

- N 

Heated milk 
All over 7 

»» 

M 

»* 


The above results are typical of many observations. On dull days the 
decoloration usually progressed no farther when the lower half of the milk 
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column was colourless. The variation between unheatecl and heated milks is 
probably accounted for by different degrees of aeration. The time of de¬ 
coloration may also vary w r ith different milks. 


The effect of sunlight on methylene blue reduction in whole and 
separated milk . 

Milk was run through a sterilised centrifugal separator and both the 
original milk and the separated milk were used for reductase tests. Both 
milks were used in the heated and unheated states and in some tubes a layer 
of liquid paraffin was added. Bacteriological tests on the milk before and 
after separation showed that no measurable contamination had taken place. 


lable II. Times of decoloration in hours , in the light . 


Bright day 

Whole 

milk 

o 

Whole 

milk 

+ paraffin 

or> 

Dull day 


2 

Dull day 

(only i 
decol.) 

4 

(only | 
decol.) 

4 

Bright day 

(only \ 
deed.) 

1 

(only | 
decol.) 

Bright day 

Id 

— 


Whole 

Whole 

milk 

Sepa¬ 

milk 

heated 

rated 

heated 

+ paraffin 

milk 

0*5 

05 

>7 

1-5 

3-5 

>7 

(only £ 
decol.) 

4 

(only £ 
decol.) 

4 

>7 

(only i 
deool.) 

(only l 
decol.) 

>7 

— 

— 

>7 


Sepa¬ 

Sepa¬ 

Sepa¬ 

rated 

rated 

rated 

milk 

milk 

milk 

heated 

+ paraffin 

heated 

4- paraffin 

>7 

>7 

>7 

>7 

>7 

>7 

>7 

>7 

>7 


All the controls incubated in darkness were not decolorised in 7 hours. 
The difference between whole milk and separated milk was always clear cut 
and it is evident that diffusion of atmospheric oxygen has no appreciable effect. 


The effect of the addition of salts of fatty adds to separated milk. 

Milk was freed from fat as previously described. Sodium oleate and 
sodium palmitate were added in amounts of approximately 0-5 g. to different 
tubes of whole and separated milk, and partially dissolved by gentle shaking. 
Reductase tests were set up as before. 


Table III. Times of decoloration in hours , in the light. 


Bright day 
Blight day 




Whole 

Whole 

Separated 

Separated 



milk 

milk 

milk 

milk 

Whole 

Separated 

4-Na 



i-Na 

milk 

milk 

oleate 

palmitate 

oleate 

palmitate 

1*75 

>7 

1 

1-25 

0-5 

>7 

— 

>7 

— 

— 

15 

>7 


All the controls incubated in darkness were not decolorised in 7 hours. 
These are typical of several experiments on similar lines. There is thus strong 
evidence that an unsaturated acid such as oleic acid can replace some con¬ 
stituent of the cream in this reaction with methylene blue. 
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Summary. 

1. Methylene blue added to fresh milk of good quality is reduced in a 
short time in the presence of sunlight at 37°. In darkness at 37° no de¬ 
coloration occurs within 7 hours. 

2. The reaction in sunlight is not due to an enzyme, for it proceeds equally 
well in milk which has been heated to 100° for 30 minutes. 

3. Milk from which the fat has been removed by centrifugal separation 
no longer gives the reaction, but the activity of the milk can be restored by 
an addition of sodium oleate. Sodium palmitate has not a similar action. 

4. It is suggested that sunlight catalyses an oxidation-reduction reaction 
in which unsaturated fats are oxidised and methylene blue is reduced. 
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LXV. THE TRACES OF COMBUSTIBLE GASES 
IN HUMAN EXPIRED AIR. 

By THOMAS RICHARD PARSONS. 

From the Laboratory of Zoophysiology , University of Copenhagen. 

(Received April 9th , 1930.) 

The stimuli!** to the present investigation was furnished by the observations 
of Campbell [1929]. who showed that the gases present in the peritoneal 
cavities of animals may contain as much hydrogen (produced by intestinal 
putrefaction) as corresponds to a tension of the order of 20 mm. Hg. Some 
of this hydrogen must dissolve in the blood and later diffuse through the 
lungs into the expired air. The object of the experiments herein recorded 
has been to determine the extent to which such a transfer of hydrogen or 
other combustible gas takes place in the human subject, in order to decide 
whether this constitutes a factor necessary to be taken into consideration in 
the calculation of the total respiratory exchange from observations carried 
out with an open circuit respiration chamber. In using such an apparatus 
the volume of the ingoing air is calculated from the percentage of nitrogen 
in the outgoing air, the total amount of nitrogen being assumed to be unaltered 
during its passage through the chamber. But any hydrogen given off from 
the subject would be returned as unabsorbable gas, i.e. nitrogen, in the 
analysis of the outgoing air and would influence the calculation of the 
volume of air entering the chamber and so of the respiratory exchange of the 
subject. 

The possibility of carrying out such an investigation depended on the 
circumstance that there was available the gas analysis apparatus accurate to 
0*001 % already described by Krogh [1920]. In using such an apparatus for 
the estimation of minute traces of combustible gases, two points of technique 
must be carefully observed. Firstly, the solubility of oxygen and nitrogen in 
the potash solution used for the C0 2 absorption becomes a factor of very 
significant magnitude: in order to avoid errors from this source, it is usual 
to keep this potash solution saturated with air at the temperature of the 
apparatus, but this restricts the use of the apparatus to the analysis of gas 
mixtures not differing very appreciably in composition from atmospheric air. 
Then, secondly, it has already been shown [Krogh, 1919] that pure atmospheric 
air itself shows a just measurable diminution in volume amounting to about 
0*0005 cc. for each minute of exposure to the hot platinum wire of the com¬ 
bustion pipette—an effect that cannot be due to the presence of combustible 
gases in the atmosphere as it can be repeatedly obtained with the same sample 
of air. This means that there will never be an absolutely final end-point to a 
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combustion analysis; when all the combustible gases present have been burned, 
a further slight diminution of volume will always be obtainable on continuing 
the combustion. The diminution of volume due to this effect in pure air be¬ 
comes added to that due to the burning of any combustible gases that may be 
present. These considerations led to the adoption of the following technique. 

In order to have the maximum amount of hydrogen for measurement we 
analysed not the expired air as directly collected but air that had been re¬ 
breathed until its hydrogen tension had come into equilibrium with that in 
the blood. A simple closed circuit was used consisting of a pair of respiratory 
valves, a tower of loosely packed soda-lime and a Douglas bag. Into the 
latter there were drawn through a cotton-wool filter about 5 1. of outside air 
and to this was added enough oxygen from a cylinder to cover the estimated 
needs of the subject during the experiment. In this way the composition of 
the air in the bag at the end of the rebreathing period did not differ greatly 
from that of the atmosphere, and solubility errors did not enter into the 
analysis. It was found convenient to observe the volume of air in the bag 
by attaching a sheet of metal to its upper surface and connecting this by a 
thread to a simple lever: in this way it was easy to see the point at which 
all the added oxygen had been used up by the subject, which was the point 
at which the rebreathing was stopped. To ensure that the results were not 
being affected by possible contaminating traces of combustible gases, both 
the air and the oxygen used were passed slowly through about 6 cm. of red- 
hot wire-form CuO before being collected in the bag. As a further precaution 
in each experiment a control sample of air was withdrawn from the bag for 
analysis before the oxygen was added. It was also proved that the rubber 
lining of the bag did not give off any appreciable amount of combustible gas 
to air stored within it. Lastly, in order to avoid any possible formation of 
hydrogen by the action of moisture on oxidisable metals, no metal parts other 
than the heavily nickel-plated valves were used in the respiration circuit. 
Every effort was made to carry out the analyses as uniformly as possible. 
In all cases alter a preliminary absorption of any C0 2 present the gas was 
passed to and fro for 6 minutes (in three carefully measured periods of 
2 minutes) over the platinum wire of the combustion pipette heated to dull 
redness. After measurement of the resulting contraction a second CJ0 2 ab¬ 
sorption was carried out. 

Table I contains the results of duplicate determinations made in this way 
on control samples of atmospheric air collected and treated as mentioned in 
each case. It will be seen that these data confirm the former statement that 
in pure air for each minute of exposure to the hot wire shrinkage occurs to 
the extent of about 0*001 % of the original volume, but that the volume of 
the potash-absorbable product apparently formed is always less than twice 
the contraction on combustion. This indicates that, whatever its explanation, 
the phenomenon cannot be due to the presence of traces of carbon monoxide 
in the air analysed and this is confirmed by the observation that the effect 
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is equally well obtained with air that has been passed over red-hot copper 
oxide. 

Table I. Control combustions with atmospheric air. 


x 0*01 % of volume taken 
for analysis (50 ce.) 





Contraction 

-> 

Subsequently 




on 6 mins. 

absorbed 

Date 

Material analysed 


combustion 

by KOH 

3. v 

Filtered outside air 


0-50 

0*85 




035 

0*80 

7. v 

Air after exposure to red-hot CuO 

0-50 

0*50 




050 

065 

10. v 

Filtered outside air 


0*40 

110 




0*50 

090 

10. v 

Air after storage in Douglas bag 0-5 hours 

0*70 

0*75 




0*05 

0-75 

13. v 

Air after storage in Douglas bag 3 days 

0-80 

1*00 




0 05 

1*00 

15. v 

Filtered laboratory air 


0*55 

0*65 



0*25 

0*55 

19. v 

Filtered outside air 


050 

0-55 

1. vi 

Filtered outside air 


0*45 

0 75 

4. vi 

Air from compressed air supply after 

0*50 

0-85 


exposure to red-hot CuO 





Table II. Analyses 

of rebreathed air. 




> 0 01 ° G of volume taken for 




analysis (50 ce.) 




Contrac- 

ISubse- 




tion on 

quently 




0 mins. 

absorbed 


Date 

Experiment and subject 

combustion 

by KOH H, 

CH 4 

30. iv 

Filtered Air + 5 1, O a . Re breathed 
15 mins. Subject 1\ 

100 

1 *00 

I*a> 0 °5 

0<>5 1 

010 

2. v 

Filtered air 4* 5 I. O s . Re breathed 

1-20 

1*35 . 

0*53 


15 mins. Subject N, 

1-50 

140 < J) 

15. v 

Air + 5 1. O a passed over red-hot CuO. 

4 75 

0 00 o,. 

0*04,1 


liebreathed 15 mins. Subject R. 

4 55 

070 - S0 

18. V 

Air + 5 i. 0 2 passed over red-hot CuO. 

190 

1-20 0-O5 

100 " 

0*55 


Rebreathed 15 mins. Subject P. 

200 

31. v 

Air+ 6 1. Og passed over red-hot CuO. 

4-00 

l-’0 185 

1-00 1 °° 

0*35 


liebreathed 15 mins. Subject R. 

3-90 

4, vi 

7-51. air + 20 1. 0 2 all passed over red- 
hot CuO. liebreathed 63 mine. 

2 15 

1 15 (?) 

itl 0-30 

0*00 


Subject 1\ 

Turning now to the analyses of the rebreathed air recorded in Table II, 
it will be seen at once that the contractions on combustion and the subsequent 
amounts of absorption by potash are invariably larger than with atmospheric 
air, indicating that traces of combustible gases are in fact expired by the 
human subject. The subjects used for these observations were all examined 
in the absorptive period either in the middle of the morning (Exps. 1, 2 and 4) 
or after lunch (remaining experiments). That these traces of expired com¬ 
bustible gases do not consist of carbon monoxide derived from tobacco smoke 
is evident from the fact that the highest figures were obtained with the 
subject R. who is a non-smoker. Prolongation of the rebreathing period from 
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15 minutes to 63 minutes as in the last experiment recorded led to no significant 
increase in the amount of combustible gas collected. 

In the last two columns of Table II the amounts of combustible gases in 
the rebreathed air have been calculated on the assumption that they consist 
of hydrogen and methane only. In making this calculation the contraction 
on combustion and subsequent absorption by potash obtained on the same 
day with a control sample of atmospheric air, collected as mentioned from 
the Douglas bag just before each experiment, were subtracted from the 
corresponding data obtained with the rebreathed air. 

In order to determine approximately the rate at which these gases are 
given off from the body, let us take the highest percentage of combustible gas 
obtained, namely the 2*80 x 0*01 % from the experiment of 15. v. This 
appears to be made up entirely of hydrogen. This percentage corresponds to 
a tension in moist air at body temperature of approximately 0*2 mm. Hg. 
Taking this as the same as the tension of hydrogen in the mixed venous blood, 
and assuming an average rate of blood flow 7 through the lungs of 5 1. per 
minute and a solubility of hydrogen in blood equal to that in water under 
the same conditions, the amount of hydrogen carried to the lungs per minute 
works out to be 0-02 cc. But during a respiratory experiment on a human 
subject about 60 1. of air pass through the chamber per minute, so that if 
the blood gave off the whole of its hydrogen while passing through the lungs 
this would add only 1 part of inert gas to 3 x 10 6 parts of outgoing air— 
a change in composition that is about one-thirtieth of the smallest detectable 
by the most accurate technique yet devised. We may conclude with certainty, 
therefore, that, whatever may be the exact nature of these traces of com¬ 
bustible gases in human expired air, even if they were produced at 10 times 
the maximum rate here observed, they would be quite without influence on 
the results of the most accurate respiratory experiments that have so far 
been made. 

Summary. 

1. The slight shrinkage in volume when pure atmospheric air is submitted 
to combustion analysis is confirmed. This effect cannot be due to the presence 
of traces of ordinary combustible gases as it is obtained in air that has been 
passed over red-hot copper oxide. 

2. Air that has been rebreathed by a human subject contains traces of 
combustible gases in amounts that indicate a rate of production of about 
0-02 cc. per minute. This is far too small to be of significance in determinations 
of total respiratory exchange. 

It is a great pleasure to the author to acknowledge here the stimu¬ 
lating help of Professor Krogh during the carrying out, at his suggestion, of 
this investigation. 
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Research in nutrition has shown that the various amino-acids differ among 
themselves in respect of their relative importance in relation to growth in the 
immature animal, and to maintenance of weight in the adult [Mitchell and 
Hamilton, 1929). 

The results of Aekroyd and Hopkins [1916] provided evidence that arginine 
and histidine are interconvertible in the body, and that the presence of one or 
the other is essential for the processes of growth; that arginine is necessary for 
the maintenance of weight had been demonstrated by Geiling [1917] in the 
mouse. Confirmation of the indispensability of histidine was obtained by Rose 
and Cox [1924 ], but they reported that arginine, as a dietary constituent, was 
without effect on weight; similar results were recorded by Rose and Cook 
[1925]. The results obtained by Stewart [1925] were in agreement with the 
latter in respect of histidine, but with regard to the significance of arginine they 
were intermediate between the results of Aekroyd and Hopkins, and those of 
Rose and Cox. From these more recent investigations it appeared that 
arginine and histidine were not mutually replaceable in metabolism, and that 
arginine was definitely inferior to histidine in its ability to maintain weight, or 
as a promoter of growth. Owing to variations in the amount of food assimilated 
the interpretation of feeding experiments must often be a matter of difficulty, 
and the criterion of the capacity of a substance to induce growth is its effect 
upon the animal as a whole. It may be assumed that the amino-acid require¬ 
ments of the various organs and tissues of the body differ in accordance with 
differences in specific function, and with the chemical composition of their 
structural units, the cells of which they are composed. It has been suggested 
that histidine is necessary for nuclear synthesis [Rose and Cook, 1925], and 
the researches of Kossel [1928] indicate that arginine may be an important 
constituent of nuclear substance as in the case of sperm. Edlbaeher and Merz 
[1927], have shown that the arginase content of tumours exceeds that of most 
normal tissues, and it may be noted that the arginine content of neoplastic 
tissue, as estimated by Sakaguchi’s reaction [1915]is also relatively high. There¬ 
fore it appears that arginine is present in considerable amount in tumours, and 



590 


E. GILROY 


that such tissues axe well equipped for its catabolism, but unless they are 
capable of synthesising this amino-acid they must obtain it from their host; if 
arginine were present in excess of the nutritive requirements of the latter it 
would be available for the purpose of nuclear synthesis and cell proliferation, 
and this should be manifested by an increase in the rate of tumour growth. 

It was the object of this investigation to determine whether arginine had 
any influence upon tumour growth-rate, and whether it was distinct from other 
amino-acids in exhibiting this effect. 

Material. 

The mice used for the experiments were ordinary, healthy, unselected stock, 
representing a mixed population; they were 2-3 months old at the time of im¬ 
plantation, and an approximately equal number of males and females were 
included in each experimental group. They were all fed alike on a diet of brown 
bread, flaked maize, and lettuce (when available). It may be of interest to note 
in connection with diet that the arginine content of brown bread, as estimated 
by Sakaguchrs reaction, is quite considerable, and both treated and control 
groups were given as much as they would eat. 

The tumour was a transplantable mouse carcinoma, for which I am in¬ 
debted to Mr J. J. M. Shaw, of the Department of Surgery, Edinburgh Uni¬ 
versity. This tumour (M 63), is palpable about ten days after implantation, 
often earlier, and attains a large size in a period of three weeks. It produces 
no metastases, and therefore the mice remain perfectly well. 

Method. 

Implantation was performed by means of an implantation needle, strict 
aseptic precautions being observed. 

The amino-acids 1 were administered by hypodermic injection at some 
distance from the site of implantation. 

Exp. /. Implantation was carried out as described, and after ten days all mice bearing palpable 
tumours on that date were segregated, divided into groups, and treatment was commenced. This 
consisted in the injection of 0-3 cc. of a 10 % solution of the amino-add allotted to the group, and 
treatment was repeated every 2 days until the termination of the experiment 22 days after im¬ 
plantation. On each day of treatment caliper measurements were taken of the tumours, and 
transferred direct to mm. squared paper; in this way it was an easy matter to measure the cross- 
sectional area of tumours of irregular shape. At the end of the experiment, size, i.e. cross-sectional 
area, was estimated, and from the tabulated results the mean was calculated for each group showing 
the increase during the experimental period. The ratio of the mean values on the 10th and 22nd 
days respectively was taken as an index of the rate of growth. 

Exp. IL In this experiment the tumours used for implantation were known to be of lowered 
vitality (they were derived from tumours which had recurred after removal, and when implanted 
into fresh hosts had been found to exhibit a slow rate of growth, and a reduction in the usual per¬ 
centage of “takes ’*). 

Two amino-adds were tested in this experiment for their ability to restore the vitality of this 
debilitated tissue. Treatment was begun 2 days before implantation, and continued every second 
day as in Exp. I, and caliper measurements were taken at the same intervals as before. 

Special precautions were taken to ensure the uniformity of the implanted tissue in its distribu¬ 
tion among the various groups, the following procedure being adopted; the mice were divided into 
1 Supplied by Messrs British Drug Houses, Ltd. 



ARGININE AND TUMOUR GROWTH 


591 


three main groups, two treated, and one control, and each of these was subdivided into four small 
groups, A, ByCy D . One tumour was used to implant ail the “A ’* groups, another for B, etc. In 
addition to this the mice were implanted in strict rotation as follows: mouse 1, Group I A ; mouse 1, 
Group II A ; mouse 1, Group III A; then mouse 2 in each group as in the first round. 

As an extra check upon the usual measurements all the tumours were weighed at the close of 
the experiment, the mean weight was calculated, and the ratio of each treated group to the control 
was compared with the ratio obtained by measurement of eross-section. The results will be found 
in Table III, Exp. II. 

The results of these two experiments made it appear almost certain that 
arginine had a definite effect upon the rate of tumour growth; the variation in 
the growth potentiality of apparently healthy tumours observed in earlier 
work, however, had made it desirable to limit the number of animals used in 
each experiment, in order that the implanted tissue should be derived, as far 
as possible, from the same source. Consequently it seemed advisable to apply 
to the results the method described by Fisher [1928] for the determination of 
the significance of the difference of the means of small samples; the tabulated 
results therefore include the <c t'' and “ P 5 values used in this method. Accord¬ 
ing to Fisher 11928] we may “draw a conventional line at 0*05,” i.e. if the value 
is at, or below, this figure the difference may be held to be significant, and 
would not have occurred by chance, and one may place “a high degree of 
confidence in the results” if P ------ 0*01. 

The choice of amino-acids was limited in accordance with the degree of 
their solubility in water. The low solubility of tyrosine prohibited its use for 
hypodermic injection; a considerable mortality attended the use of cystine 
for the same reason, and cysteine was substituted as a result. It was obviously 
impossible to test the guanidine radical of arginine separately [Barger, 1914], 
but sodium valerate was included in the series. Glutamic acid was given a 
separate trial in view of it being a constituent of glutathione; lysine was not 
tested. 

An example of experimental data from which 
the results were calculated . 

(Treatment begun 10 days after implantation of M 63.) Surface area of tumours as estimated 
by caliper measurements in mm. 2 

Arginine: Days since implantation 

r-—— A --- -n Ratio of size, 



10 

12 

14 

16 

18 

22 

day 

10 : * 

1 

16 

64 

106 

154 

250 

527 

1 

33*0 

2 

60 

118 

193 

290 

332 

614 

1 

10*2 

3 

64 

120 

160 

274 

443 

714 

1 

111 

4 

96 

119 

205 

254 

254 

419 

1 

4*3 

6 

96 

156 

198 

212 

260 

303 

1 

33*1 

6 

10 

42 

58 

173 

237 

430 

1 

43*0 

7 

23 

57 

105 

175 

207 

242 

1 

10*5 

S 

8 

24 

75 

175 

200 

353 

1 : 

44-7 

9 

7 

28 

36 

96 

143 

216 

1 

30*8 

10 

4 

6 

74 

131 

176 

246 

1 

61*5 

11 

6 

6 

131 

180 

210 

437 

1 

72*9 

12 

0 

8 

137 

183 

225 

257 

I : 

32*1 

Mean 

330 

02*8 

123*6 

174*7 

249*0 

396*0 

1 

29-7 


After estimation of the probable error the mean values were respectively 33-0 ±6*6, and 

396*0 
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Controls: 


Days since implantation 


Ratio of size, 
day 10: 22 




.. . A 












10 

12 

14 

16 

18 

22 

1 

11 

17 

32 

32 

57 

80 

1: 7*3 

2 

44 

66 

102 

137 

196 

288 

1 : 6*5 

3 

56 

79 

121 

180 

197 

257 

1 : 4*9 

4 

5 

15 

19 

39 

40 

49 

1 : 9*9 

5 

33 

67 

79 

102 

159 

179 

Is 5*4 

6 

50 

66 

99 

217 

372 

497 

1: 9*9 

7 

13 

48 

57 

82 

114 

184 

1 : 14*1 

8 

13 

16 

31 

58 

74 

157 

1 : 12*2 

9 

7 

21 

21 

33 

84 

265 

1 : 37*8 

10 

47 

82 

.113 

113 

119 

277 

1: 6*0 

11 

14 

24 

31 

40 

51 

84 

1 : 6*0 

12 

60 

143 

171 

291 

291 

336 

It 5*6 

Mean 

29*0 

46-2 

69*8 

100*3 

146*1 

221*0 

1 : 10*4 


After estimation of the probable error the mean values were respectively 29*0 ±4*4 and 
221*0 ±24*4. 

Difference of mean day 10= 4*0 ±0*3. 

Difference of mean day 22 = 175*0±3*2. 

The value of t on day 10=0*3. 

The value of P on day 10=0*9. 

The value of t on day 22 = 3*2. 

The value of P on day 22=0-01. 

Experiment I. 

Table I. 




Size on 

10th day 


Size on 

22nd day 

Group 

Arginine 

Untreated 

No. in 
group 

12 

12 

Difference 
of mean 

+ 4*0 ±0*3 

i 

0-30 

P 

0*90 

Difference 
of mean 

+ 175 ±3*2 

/ 

3*2 

P 

0*01 

Glycine 

Untreated 

10 

7 

± 0*0 

0*30 

0*70 

- 28 ±0*6 

0*7 

0*50 

Alanine 

Untreated 

12 

7 

+ 120 ±1*3 

1*00 

0*30 

+ 5 ±0*09 

0*1 

100 

Cystine 

Untreated 

6 

7 

± 0*0 

1*00 

0*30 

- 25 ±0*3 

1*4 

0*20 

Glutamic acid 
Untreated 

10 

7 

+ 2*0 ±0*7 

0*60 

1*00 

- 14 ±4*9 

0*2 

1*00 

Arginine 

Untreated 

4 

7 

+ 50+0*7 

0*14 

0*90 

+192 ±4*2 

3*4 

0*01 

Sodium valerate 
Untreated 

11 

6 

- 8*0 ±41 

0*40 

0*70 

+ 54 ±0*5 

0*6 

0-50 

Arginine 

Untreated 

4 

6 

+ 23*0 ±0*7 

0*90 

0*40 

+ 122 ±2*1 

1*6 

0*10 


The comparison of arginine and cystine is of value in view of the importance 
which has been attached to glutathione in connection with tumour growth. 
From the results obtained it would appear that neither cystine nor glutamic 
acid, a constituent of glutathione, has any appreciable effect upon the rate of 
tumour growth. 

The results of the second experiment showed that histidine could not replace 
arginine as a stimulant of growth. It appeared to exert a certain effect upon 
the percentage of successful implantations, when tested on devitalised tissue, 
the number of failures being greater in the case of arginine than histidine, but 
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Table II. Ratio of surface area of tumours ten and 
twenty-two days after implantation . 



Ratio. 

Difference 


Group 

Group mean 

of mean 

P 

Arginine 

Untreated 

29-7 ± 14-3 

104 ± 6 0 

+19*5 ±0*84 

0*01 

Glycine 

Untreated 

17-9 ± 6-8 

20-2 ± 0*3 

- 2*3 ±0*17 

0*70 

Alanine 

Untreated 

151 ± 71 

202 ± 6*3 

- 5*1 ±036 

0*40 

Cystine 

Untreated 

21-4 ± 4-4 

+ 1*2 ±063 

0*90 

Glutamic acid 

19*4 ± 7-5 

+ 0*8 ±0*05 

100 

Untreated 

202 ± 6-3 

Sodium valerate 

9*8± 2*2 

+ 3*0 ±0*11 

015 

Untreated 

11*8 ± 3*5 

Arginine 

Untreated 

15*0 4 - 7-8 

11*8 i 3*5 

+ 8*2 ±0*07 

015 

Arginine 

Untreated 

52*9 ± 5*7 

202 ± 6-3 

+ 32*0 ±2*60 

OOl 


Table III. Comparison of the effect of arginine and cystine , or cysteine , 
the latter being substituted for untreated controls. 

Size on 10th day Size on 22nd day 



No. in 

Difference 



Difference 



Group 

group 

of moan 

t 

P 

of mean 

t 

P 

Arginine 

Cystine 

4 

6 

±0*0 

02 

0*80 

+ 217 ±31 

2*50 

004 

Arginine 

Cysteine 

8 

+ 1*0±0 16 

Ol 

0*80 

+ 49 ±08 

0*90 

035 


less in arginine-treated mice than in the untreated controls. The exact per¬ 
centages of failures were, arginine 37*5 %, histidine 26 %, untreated 50 %. 
These figures are very high for implantation failures in the tumour M 63. 


Experiment //. 
Table L 



Size on 

10th day 

Size on 

22nd day 


No. in 

Difference 


Difference 



Group group 

of mean 

t P 

of mean 


P 

Arginine 15 

Untreated 12 

+ 140 ±0-4 

0*1 0*40 

+ 134*0 ±4*3 

05 

005 

Histidine 17 

Untreated 12 

+ 18*0 ±0*1 

0*1 010 

+ 38*0 ±0*8 

1*7 

010 



Table II. 





No. in 

Ratio. 

Difference 



Group 

group 

Group mean 

of mean 

P 


Arginine 

Untreated 

15 

12 

10*5 ±7*47 

5*5 ±0*06 

0*10 


Histidine 

Untreated 

17 

12 

6*8 ±4*7 

1*8 ±0*06 

040 
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Table III. 



No. in 

Mean 

Difference 



Group 

group 

wt. 

of mean 

* t 

P 

Arginine 

15 

1*6± 0-27 

0*9 ±0*21 

1*5 

01 

Untreated 

12 

0-7 ±0-22 

Histidine 

Untreated 

17 

12 

0-7 ±0*14 

0-7 ±0*22 

00 

01 

0*9 


Discussion. 

From the tabulated results of Experiments 1 and II it can be seen that 
among the amino-acids tested for their effect upon tumour growth arginine 
alone induces a significant difference from the mean of the untreated control 
group on the 22nd day, as estimated by the value of P. 

It is evident that if the size of tumours in a treated group exceeds that of 
the corresponding untreated group on the 10th day the former would be 
expected to exceed the latter on the 22nd day as well, apart from any treat¬ 
ment which the animals had received. In certain cases it may therefore appear 
that the difference of mean in the arginine-treated groups on the 22nd day was 
not so significant as it otherwise would seem. In order to assess the real value 
of the difference two points must be taken into consideration, of which one is 
the value of P. On the 10th day the P value indicates in every case that the 
difference in mean could be accounted for as the result of random sampling 
from a homogeneous population. The P value for the 22nd day, on the other 
hand, in three cases out of four of the arginine-treated groups is 0*05 or less, 
while the value for the groups treated with other amino-acids is in no case less 
than 0-1. The second point to be considered is the ratio of the sizes (cross- 
sectional area), on the 10th and 22nd days respectively within one and the same 
group. The mean ratio obtained after calculating the individual ratios in such 
a group can then be compared with its untreated control. The ratio will 
obviously be greater or less according to the mean size on the 10th day of the 
experiment unless the mean on the 22nd day is proportionately very great; 
since in some of the arginine-treated groups the mean was higher on the 10th 
day than it was in the controls the ratio might have been thus reduced, but in 
spite of this fact a markedly higher ratio occurs in the arginine-treated groups 
alone. The second experiment indicates that arginine and histidine have some 
slight effect in raising the percentage of tk takes” in the case of debilitated 
tissue (as previously defined) but that only arginine has any appreciable in¬ 
fluence upon its subsequent rate of growth. The difference in weight in these 
groups is not significant if judged by the value of P, but the mean weight is 
about 50 % greater in the arginine-treated group than in the untreated control, 
which agrees well with the difference in ratio where cross-sectional area was the 
criterion of size. 

from this analysis of the data it seems justifiable to conclude that the 
influence of arginine upon tumour growth is real, and that it is specific in so far 
as a similar effect was not observed in the case of any other substance used in 
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this series of experiments. It is suggested that an increase in nuclear substance 
leading to an acceleration of the rate of cell division, may be the mechanism 
through which the observed increase in size is attained. Certain inferences 
concerning the biology of tumour growth suggest themselves, assuming this 
hypothesis to be correct, but the consideration of theoretical implications is 
beyond the scope of the present paper, and the facts are therefore recorded 
alone. 

Summary. 

A comparison of the effects upon tumour growth of certain amino- and 
fatty-acids (arginine, histidine, glycine, alanine, cystine, cysteine, glutamic 
acid, and sodium valerate), showed that arginine was the only substance in¬ 
vestigated which exerted a definite effect upon the rate of tumour growth. 

In an experiment dealing with the implantation of “devitalised'’ tissue it 
was found that histidine appeared to increase the percentage of “takes.” It 
had no effect upon the subsequent rate of growth, whereas arginine had a 
definitely stimulating effect. 

I wish to express mv thanks to Prof. Crew for the facilities provided for the 
prosecution of this research, and for much helpful criticism and advice, and 
J would also acknowledge my indebtedness to Dr Kermack, of the Royal 
College of Physicians, for his advice in the statistical treatment of the results. 
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So long as the fluids in the eye were regarded as the secretory product of the 
ciliary body no direct relationship between them and the blood stream was 
postulated. A large amount of experimental work, however, has recently been 
brought forward which tends to show that this fluid is a dialysate of the capillary 
plasma [see Duke-Elder, 1927,1], and if this theory is correct the relationship 
between the intra-ocular fluid and the blood-plasma should be very intimate. 
Most of the evidence which has been brought forward in support of the newer 
theory is either chemical in nature, dealing with the constitution of normal and 
abnormal aqueous humour, or physical, dealing with the hydrostatic, osmotic 
and electrostatic forces involved. It may be of value therefore to consider how 
far the relationship of the acid-base equilibrium of the fluids in the eye with 
that of the plasma brings support to the more recent conceptions. 

It was considered desirable to estimate the hydrogen ion concentration of 
the vitreous and aqueous humours, the carbon dioxide content of the aqueous 
humour, and the carbon dioxide content and capacity as well as the dissolved 
oxygen in the vitreous humour. The eyes were obtained immediately after 
death and the aqueous humour was abstracted by means of a syringe and kept 
under paraffin oil. The vitreous humour was then shelled out through a posterior 
incision and was kept in a paraffin-covered tube. 

Since the vitreous humour is difficult to measure accurately on account of 
its jelly-like consistency, it was used after liquefaction by forcing it through 
the perforated plunger of a syringe the opening of which had been plugged. 

p n DETERMINATION. 

Cullen’s [1922] colorimetric method as applied in Myers’s [1924] technique 
was employed. Since both humours are only slightly buffered in comparison 
with the blood-plasma, the p H determinations were carried out without any 
dilution. The values are only comparative in respect to the two humours, since 
no corrections were made for temperature {Tables I and II). 
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Table I. Aqueous humour . 

p H values of the aqueous humours of cattle varying in age from 
5 weeks to 2 years. 


No. of 

Age of 

Room 


t'H. 

\ 

animal 

animal 

temp. 

Eye 1 

Eye 2 

Average 

1 

5 wks. 

26° 

7-20 

7*25 

7*23 

2 

2 ruths. 

27 

Mixture 


7*22 

3 

4 „ 

30 

7*43 

7*33 

7*38 

4 

4 „ 

27-5 

7*40 

— 

7*40 

5 

4 „ 

27 

7 27 

7*32 

7*30 

6 

4 

27 

Mixture 


741 

7 

8 „ 

27 

7*33 

744 

7*39 

8 

IJyrs. 

24 

742 

744 

743 

9 

if 

24 

7*40 

741 

7*41 

10 

if „ 

24 

7*38 

— 

7*38 

11 

H „ 

25*5 

*7*35 

7*35 

7 35 

12 

1* „ 

25*5 

*710 

7-20 

745 

13 

H u 

25*5 

*7-35 

7*25 

7*30 

14 

n „ 

25-5 

*7*42 

7*36 

7*39 

15 

if „ 

26 

*7*25 

7*20 

7*23 

16 

H „ 

26 

*7*36 

7*20 

7*28 

17 

H „ 

26 

*7-35 

7*33 

7*34 

18 

2 „ 

27*5 

7*28 

7*26 

7-27 

19 

2 ,, 

27*5 

7*35 

7-34 

7*35 

20 

2 

26 

7*31 

740 

7*36 

21 

2 

26 

7*20 

_ 

7*20 

22 

2 ", 

26 

Mixture 


740 

23 

2 

26 

7*58 

7*48 

7-53 

24 

o 

26 

7*48 

7*58 

7 53 

25 

2 

255 

7*39 

744 

7-32 

26 

2 

25*5 

7*51 

742 

747 

27 

2 ” 

25-5 

745 

745 

745 

28 

o 

25 

*7*28 

7*33 

7-31 

29 

2 

25 

♦7*20 

7*25 

7-23 

30 

2 

25 

*7*27 

7*25 

7*26 

31 

o 

25 

*7*18 

— 

7*18 

32 (Sheep) 

Age unknown 

27 

7*23 

— 

7*23 


* The humours wer$ allowed to remain in the extracted eye in the refrigerator half a day. All 
other results were obtained from strictly fresh humours. 


When the ocular humours are allowed to remain in the excised eyes for 
some hours, they become more acid (see Tables III and IV), despite a possible 
loss of carbon dioxide, which may be due to autolytic decomposition of protein. 
Unpublished earlier analyses by the author (1927), in confirmation of the find¬ 
ings of other workers, revealed that the vitreous humour under these conditions 
suffers a great increase in protein content. This increase in protein content is 
thought to be clue to transudation from the surrounding capillaries [Duke- 
Elder, 1927, 2]. 

A comparison of the average p B values of aqueous humours of cattle for 
different age groups with those of vitreous humours for similar age groups 
shows that the aqueous humour is slightly less alkaline than the vitreous 
humour. This is illustrated in Fig. 1. 
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Table II. Vitreous humour , 

p 7/ values of the vitreous humours of cattle varying in age from 3 months to 2 years . 


2Jh 




Age of 


t - 


A 




specimen 



Determinations 


No. of 

Age of 

under 

Room 

r 

-A- 

... 


animal 

animal 

oil (days) 

temp. 

1 

2 

3 

Average 

1 

3 mths. 

Fresh 

27° 

7*27 

7*20 

7*31 

7*26 

2 

4 „ 

** 

27-5 

7 40 

7*41 

— 

7*40 

3 

8 „ 

f9 

27 

7-36 

7*43 

— 

7*40 

4 Eye 1 

1£ yrs. 

15 

24 

*7-36 

7*33 

— 

7*35 

Eye 2 

H „ 

15 

24 

*7-33 

7*31 

— 

7*32 

5 

1* „ 

15 

24 

*7*30 

7*30 

7*15 

7*30 

6 

1* », 

16 

22 

*7*14 

7*20 

7*15 

7*16 

7 

1 1 „ 

4 

22 5 

*7*24 

7*24 

. — 

7*24 

8 Eye 1 

H „ 

4 

22-5 

*7*24 

7*24 

— 

7*24 

Eye 2 

14 „ 

4 

22*5 

*7-25 

7*30 

— 

7*27 

9 

14 „ 

3 

25 

7*45 

— 

— 

7*45 

10 

14 » 

3 

25 

7*54 

— 

— 

7*54 

11 

14 

3 

25 

7*49 

— 

— 

7*49 

12 

14 » 

3 

25 

7*44 

— 

— 

7*44 

13 

14 » 

3 

25 

7*40 

7*40 

— 

7*40 

14 

14 » 

3 

25 

7*40 

— 

— 

7*40 

15 

14 „ 

3 

25 

7*35 

7*36 

— 

7*36 

16 Eye 1 

2 „ 

Fresh 

25 

7-44 

7*38 

— 

7*41 

Eye 2 

2 


25 

7*38 

7*42 

— 

7*40 

17 Eye 1 

2 

1 

24 

7*44 

7*40 

7*45 

7*43 

Eye 2 

2 „ 

1 

24 

7 40 

7*40 

7*38 

7*39 

18 Eye 1 

2 „ 

2 

26 

7-49 

7*54 

7*54 

7*52 

Eve 2 


2 

26 

7-49 

7*50 

7*54 

7*53 

19 

2 

2 

26 

7-66 

7-65 

7*65 

7*05 

20 Eye 1 

o 

2 

26 

7 64 

7*58 

7*64 

7*01 

Eye 2 


2 

26 

7*63 

7*01 

— 

7*62 

21 Eye 1 

2 „ 

6 

25*5 

*7*49 

754 

— 

7*51 

Eye 2 


6 

25*5 

*7*24 

7*33 

7-38 

7 32 

22 Eye 1 

2 „ 

0 

26 

*7-40 

743 

— 

7*41 

Eve 2 


6 

26 

*7*32 

7*33 

— 

7 33 

23 

2 

6 

26 

*7*46 

7*30 

— 

7 41 



6 

26 

*7-35 

7*40 

7*35 

7*37 


* The humours were allowed to remain in the excised eye for half a day in the refrigerator. 


Table III. p H values for fresh aqueous humours and for those kept in the excised 

eye, in the refrigerator, for half a day. (The specimens were handled under oil.) 

Aqueous kept in the extracted 
Fresh aqueous eye for half a day 


No. of animal 

Pu averages 

No. of animal 

p H averages 


Animals 6 months old. 


8 

7*43 

11 

7*35 

9 

7*41 

12 

7*15 

10 

7 38 

13 

7*30 

— 

— 

14 

7*39 

— 

— 

15 

7*23 

— 

— 

16 

7*28 

— 

- 

17 

7*34 


Average 

7*41 

Animals 2 years old. 

7*29 

18 

7*27 

29 

7*28 

19 

7*35 

30 

7*20 

20 

7*36 

31 

7*27 

21 

7-20 

32 

7*18 

22 

7*40 

_ 


23 

7*53 


— 

24 

7*53 

__ 

, - T „ 

25 

7*42 

_ 

, 

26 

7*47 



27 

7*45 

— 

— 


A veracre 


7«49 
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Table IV. p H values for fresh vitreous humours and those kept in the excised eyes , 
in the refrigerator , for half a day. (All were handled under oil.) 


Vitreous kept in the extracted 

Vitreous removed immediately eye for half a day 



No. of animal 

9 

10 

11 

12 

13 

14 

15 

-i 

|! 

*3 v* o-> o- o- r- r-* 

« 

No. of animal 

1 J years old. 

4 

4 

5 

6 

7 

8 

8 

p a averages 

7*35 

7*32 

7*30 

7*16 

7 24 

7*24 

7*24 



Average 

7-44 


7*27 




Animals 

2 years old. 




16 

7 41 

21 

7*51 



16 

7*40 

21 

7*32 



17 

7-43 

22 

7*41 



17 

7-39 

22 

7-33 



18 

7 T>2 

23 

7*41 



18 

7*53 

23 

7*37 



19 

7-65 





20 

7-61 





20 

7(52 





Average 

7-51 


7*39 




Age in months 

Fig. 1. Kate of increase in alkalinity of the ocular humours of cattle with advancing age. 
(Figures in parentheses denote the number of eyes on which the averages were based.) 


Carbon dioxide determinations. 

Analyses for carbon dioxide were made by the method of Van Slyke and 
Neill [1924], in which 2 cc. of the fluid were used. 

The vitreous humour only was studied in respect to the relationship of the 
carbon dioxide content to the age of the animal. The carbon dioxide content 
of the vitreous humour decreases with increasing age. This is shown bv the 
arrangement of the data in Table V and particularly by the average values for 
various ages presented in Table VI, 

The aqueous humour was analysed for its carbon dioxide content only (see 
Table VIII). In the vitreous humour both carbon dioxide content and capacity 
were studied. The carbon dioxide capacity determination differed from the 
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Table V. Carbon dioxide content of the vitreous humours from cattle 
varying in age from 6 weeks to 2 years. 


Age of 


No. of 

Age of 

No. of 

- 

specimen 

animal 

animal 

eye 

under oil 




(days) 

1 

6 wks. 

1 

Fresh 



2 

»» 

2 

2 mths. 

Mixture 

2 

3 

3 „ 

M 

Fresh 

4 

4 „ 

*» 

»» 

5 

8 „ 

» 


6 

1 yr. 

»» 

»* 

7 

1 „ 

>» 

tf 

8 

1 „ 


»* 




3 




7 

9 

ljyrs. 

tt 

4 

10 

14 

„ 

M 

11 

H „ 


>> 

12 

2 yrs. 

1 

Fresh 



2 

3 

13 

2 „ 

1 

1 



2 

tt 

14 

2 „ 

1 

Fresh 

15 

2 „ 

1 




2 


16 

2 „ 

1 

55 

17 

2 „ 

1 

tt 



2 

55 

18 

2 „ 

1 

15 



2 

15 

19 

2 „ 

1 

15 

20 

2 „ 

1 

16 

21 

2 „ 

1 

2 



2 

2 

22 

2 „ 

1 

2 

23 

2 

~ »» 

1 

2 

24 

2 „ 

1 

6 

25 

2 „ 

1 

6 

26 

2 

1 

6 

27 

9 

— *» 

1 

6 

28 

2 y. 

1 

6 

29 

2 „ 

1 

Fresh 



2 


30 

2 „ 

1 

1 



2 

1 


Vol. % CO, oontent 

. '_A_- 


r 

Determinations 


t - 

1 

2 

T 

Average 

58*7 

58*5 

59*5 

58*9 

58*1 

_ 

— 

58*1 

74*1 

74*3 

— 

74*2 

60-8 

60*1 

— 

60*5 

52-8 

52*1 

52*0 

52*3 

59*5 

59*9 

— 

59*7 

54-9 

— 

— 

54*9 

54*9 

_ 

— 

64*9 

62*3 

— 

— 

62*3 

60*9 

59*9 

— 

60*4 

60-8 

— 

— 

60*8 

46*2 

46*5 

— 

46*4 

44-1 

46*2 

44 7 

45*0 

41*2 

42*2 

— 

41*7 

51 3 

51*5 

50*7 

61*1 

52*4 

— 

— 

52*4 

45-4 

44*3 

44*5 

44*7 

45-1 

45*1 

— 

45*1 

46-3 

46*7 

— 

46*5 

46-3 

46*0 

— 

46*2 

44-7 

— 

— 

44*7 

45-6 

46*4 

— 

46*0 

463 

— 

— 

46*3 

47-1 

463 

— 

40*7 

380 

37*3 

— 

37*7 

37*3 

37*3 

— 

37*3 

38*3 

—. 

— 

38*3 

40*8 

40*6 

— 

40*7 

48-5 

— 

— 

48*5 

54*5 

— 

— 

54*5 

55*4 

— 

— 

55*4 

43*5 

— 

— 

43*5 

42*7 

40*8 

— 

41*8 

44*8 

— 

— 

44*8 

43*7 

— 

— 

43*7 

44*7 

— 

— 

44*7 

47*1 

— 

— 

47*1 

47*5 

47*4 

— 

47*5 

45*7 

47*1 

— 

47*4 

43 8 

42*3 

— 

43*1 

45*2 

45*6 

— 

45*4 


Table VI. Average values pf the carbon dioxide content of vitreous humours 

of different ages. 

Age 0 wks. 2 mths. 3 mths. 4 mths. 8 mths. 1 yr. 1$ yrs. 2 yrn. 

. Vol. % of CO a 58*7 74*2 60*5 52-3 59-7 59*0 44*4 42*9 

No. of animal* used 1111133 19 

carbon dioxide content determination in that in the former analysis the 
vitreous humour was equilibrated with alveolar air before the carbon dioxide 
was withdrawn. Under these conditions the vitreous humour took up no 
additional carbon dioxide. Therefore the carbon dioxide content and capacity 
of the vitreous humour are alike. The results are given in Table VII. 
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Table VII. The carbon dioxide content compared with the carbon dioxide 
capacity of the vitreous humour . 





Vol. % C0 2 content 

Vol. 

% COg capacity 

No. of 
animal 

4 

12 

Age of 
animal 

4 mths. 

2 yrs. 

Age of 
specimen 
Freeh 

3 days 

Determinations 

t. 


r \ 

Determinations 

\ 2 3^ 

528 52 1 52*3 

524 — — 

Average 

52-3 

52 4 

1 

51*7 

51*4 

> 

2 Average 

52*3 52*0 

51*9 51*7 


Table VIII. Aqueous humour. 

The carbon dioxide content of fresh aqueous humour compared with that pre¬ 
viously used in a colorimetric determination. {The humours in both 
cases were obtained from cattle 1J -2 years old, and handled under oil.) 

Vol. % C0 2 content 

_____ __ A._ 

After p H determination 


Determinations 


No. of 
animal 

Original 

sample 

r " ' 

1 

2 

*■■ *\ 

3 

Average 

1 

49*2 

— 

— 

— 

— 

2 

49 4 

47*8 

— 

— 

47*8 

3 

47*0 

47*5 

— 

— 

47*5 

4 

48-9 

— 

— 

— 

— 

5-8 

40 3 

36*8 

— 

— 

30*8 

9-11 

— 

37*9 

38*7 

38*0 

38*2 

12-13 

45 1 

39-5 

39-7 

— 

39*6 

14-16 

479 

— 

— 

— 

— 

14 

— 

38*9 

— 

— 

38*9 

15 

— 

50*4 

— 

— 

50*4 

10 

— 

40*2 

— 

— 

40*2 

17 

— 

42*4 

— 

— 

42*4 

17-18 

— 

40-8 

— 

— 

40*8 

19 

53*5 

— 


— 

— 

20 

45*7 

— 

— 

— 

— 

Average 

47*5 




42*3 


Table IX. Vitreous humour. 

The carbon dioxide content of fresh vitreous humour compared with that of vitreous 
humour previously used in a colorimetric p lf determination. (The h umours in 
both coses were obtained from cattle 1J2 years old , and handled under oil.) 


Vol. % C0 2 content ; averages 


No. of 

Age of 

-— 


animal 

specimen 

(days) 

Original 

After p u det. 

21 

2 

48*5 

40*3 

21 

2 

54*5 

50*0 

22 

2 

55*4 

53*4 

23 

2 

43*5 

42*4 

24 

6 

41*8 

38*2 

25 

6 

44*8 

44*5 

20 

6 

43*7 

41*5 

27 

6 

44*6 

435 

27 

6 

47*1 

42*3 


Average 47*1 


45*3 
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Carbon dioxide content was determined on several samples of both humours 
after p H determinations had been carried out on them, and the results were 
compared with those obtained on the same humours in their original fresh 
state. The results given in Tables VIII and IX show that both aqueous and 
vitreous humours tend to lose their carbon dioxide, if disturbed, even under oil, 
the aqueous humour more so than the vitreous humour. 

Several determinations for carbon dioxide content of the plasma and the 
vitreous humour in the same animal show that the carbon dioxide content 
of the vitreous humour is lower than that of the plasma. 

Table X. The carbon dioxide content of ox-plasma as compared with the carbon 
dioxide content (or capacity , see Table VII) of the vitreous humour of the 
same animals. The figures express average values . 

No. of Age of Vol. 0 o C0 2 Vol. « 0 CO a 

animal animal (vrs.) plasma vitreous 

12 and 13 2 " 59*1 (2)* 47-8 (9)* 

* This figure indicates the number of determinations on which the average is based. 

Comparing the figure 47*5 vol. % obtained on fresh aqueous humour of 
cattle 14-2 years old (Table VIII) with 43*7 vol. %, the average figure for 
carbon dioxide content of fresh vitreous humour of cattle of the same age 
(Table V), it is seen that the carbon dioxide content of the aqueous exceeds 
that of the vitreous humour by 3*8 vol. %. Hence the order of increasing 
values of carbon dioxide content is represented in the ocular humours and the 
blood-plasma of cattle of the same age, as follows: vitreous, 43*7 vol. %; 
aqueous 47*5 vol. %; plasma 59*1 vol. %. 

Table XI. The carbon dioxide content of fresh vitreous humour as compared 
with vitreous preserved m the refrigerator under and without oil. 

Vol. ° 0 C(> 2 content; averages 


Vo. of 
animal 

Age of 
animal 

Freah 

Preserved 
under oil 

Bays m 
refrigerator 

8 

(yrs ) 

l 

62 3 

60*5 

3-7 

12 

2 

51 I 

32-4 

3 

14 

2 

46 5 

Preserved 
without oil 
46*7 

3-7 


The carbon dioxide content of the vitreous humour was studied also after 
the humour had been kept in the refrigerator for several days, both without 
oil and under oil. The figures presented in Table V, and the results shown in 
Table XI, indicate that the vitreous humour, whether under oil or exposed, can 
he kept in the refrigerator for about a week without loss of carbon dioxide. 
The average of the nine determinations made on the fresh vitreous humours 
from 2-year old animals in Table V is 46-9 vol. %. The average of the fourteen 
determinations on similar vitreous humours that had been kept in the re¬ 
frigerator from one to six days is 46-1 vol. % (Table V). A detectable loss of 
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carbon dioxide occurs, however, when the humour, even under oil, is allowed 
to stand for longer than a week, as shown by the results on animals 18, 19 
and 20 in Table V. 

Oxygen determinations on the vitreous humour. 

The analyses were made by the Van Slyke and Neill [1924] method, in 
which 2 cc. of the fluid were employed. 

It was thought probable that the vitreous humour would contain little, if 
anv, oxygen, except the traces in physical solution. Table XII proves this 
conjecture to be correct. 

Ta ble XII. A nalysis of the vitreous humour for dissolved oxygen . 


No. of 

No. of deter- 

Mm. Hg before 
absorption 

Mm. Hg after 
addition of 

Difference in 

animal 

m inations 

of U 2 

Na 2 S 2 0 4 

mm. Hg 

1 

1 

116*5 

116*2 

+ 0*3 

l 

2 

114*0 

116*5 

- 2*5 

1 

3 

100*0 

110-8 

~ 1*8 

I 

4 

108*5 

111*0 

- 2*5 

2 

5 

115*0 

118*0 

- 3*0 


A blank determination gave a figure of 0*5 mm. Hg. When this figure is 
subtracted from those of the last column, a negative value is obtained for 
oxygen in each case. Any amount of oxygen larger than the equivalent of 
experimental error would be represented under the assumed conditions by a 
positive value. The fact that all the five values happen to be negative suggests 
that some other gas was evolved on addition of Na 2 S 2 () 4 and proves (assuming 
the amount of this gas to be negligible) that the vitreous humour contains no 
dissolved oxygen. The gas evolved was identified, ,bv its odour, as sulphur 
dioxide. 


Discussion. 

The carbon dioxide content in order of decreasing values is represented by 
the fluids of cattle 14-2 years old as follows: plasma, 59*1 vol. %; aqueous 
humour, 47*5 vol. %; vitreous humour, 43*7 vol. %. 

No direct experimental data are available which would show whether 
changes in the hydrogen ion concentration of the blood are reflected in the 
ocular humours as shown in respect to sugar and carbon dioxide. The present 
work brings out the fact that the vitreous humour is slightly more alkaline 
than the aqueous humour. This is to be explained from the fact that the vitreous 
humour contains at least twice as much protein as the aqueous humour. 
Duke-Elder [1927, 3] has shown that the aqueous humour is particularly rich 
in the acid radicals (OF, P0 4 7 , S0 4 ) of the inorganic salts present in the body 
fluids, whereas the blood-plasma exceeds the aqueous humour in respect to 
the cations (Na*, K + , Ca**, Mg* 4 ) of the same salts. It is an accepted fact 
that the cations are held more or less in combination by the blood-proteins, 
and thus partially withdrawn from body fluids that contain less protein toward 
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those that contain more. It is to be expected therefore that the plasma, since 
it contains more protein than the vitreous humour, must be more alkaline than 
the latter. According to data obtained by Baurmann [1927], the p n values of 
human aqueous humours vary between 7*20 and 7*35, with an average of 7-27. 
These figures are definitely lower than those for blood, which are 7*35 to 7*50. 
The data of the present work show, on the whole, smaller differences between 
the aqueous and vitreous humours of cattle than Baurmann observed between 
plasma and aqueous humour in man. It is clear that the order of increasing 
values of the hydrogen ion concentration (or decreasing alkalinity) on the p R 
scale is represented by the ocular humours and the plasma as follows: p R of 
plasma > p R of vitreous humour > p n of aqueous humour. 

In view of the foregoing, there is sufficient reason to postulate that changes 
in the hydrogen ion concentration of the blood would be readily reflected in 
the ocular humours, particularly in the aqueous humour. 

Summary. 

(1) Carbon dioxide content and capacity are identical for the vitreous 
humour. The amount decreases, with a few fluctuations, on the average from 
58*7 vol. % in a calf 6 weeks old to 42*9 vol. % in cattle 2 years old. Plasma 
exceeds the vitreous humour in carbon dioxide capacity by an average of 
II vol. % in 2-year old cattle. The vitreous humour, in its natural state, can 
be kept under oil in the refrigerator for about 1 week without loss of carbon 
dioxide. If, however, its structure is destroyed by mechanical liquefaction, 
it tends to lose its carbon dioxide much more readily. 

(2) No dissolved oxygen could be demonstrated in the vitreous humour. 

(3) The aqueous humour of cattle l£-2 years old contained an average of 
47-5 vol. % carbon dioxide. On the other hand, an average figure of 42*3 
vol. % was obtained on the same or similar humours after they had been used 
in a colorimetric p n determination. Hence, the aqueous humour loses its 
carbon dioxide very readily if disturbed, even under oil. 

(4) The carbon dioxide content of the aqueous humour exceeds that of the 
vitreous by 3*8 vol. % for cattle 1|~2 years old, the average figures being 
47*5 vob % and 43*7 vol. % respectively. 

(5) There is a distinct decrease in the hydrogen ion concentration of the 
aqueous humour of cattle with advancing age. The relative p R values increase 
from 7*23 in a 5~week old calf to 7*40 in 2-year old cattle. (No correction was 
made for temperature.) 

(6) The relative p B values of the vitreous humour of cattle increase, on 
the average, from 7*29 in 3-month old calves to 7*50 in 2-year old cattle. 

(7) The aqueous humour is slightly, but consistently, more acid than the 
vitreous humour. 
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LXVIII. THE INACTIVATION OF TRYPSIN 

BY HEAT.’ 

By JAMES PACE. 

From the Muspratt Laboratory of Physical and Electro-chemistry, 
University of Liverpool. 

(Received April 11th , 1930.) 

The study of the heat-inactivation of trypsin contained in a crude extract of 
dried pancreas gland powder is complicated by the “spontaneous activation” 
which occurs in such extracts. Waldsclimidt-Leitz and Harteneck [1925] have 
recently interpreted this phenomenon as due to the production of entero- 
kinase from its pre-stage, which occurs together with the trypsin in the 
pancreas. This transformation takes place in aqueous extracts of dried pan¬ 
creas powder, or in the dried powder itself on prolonged storage. As a conse¬ 
quence, in an aqueous extract of dried pancreas powder maintained at constant 
temperature tw r o processes occur, heat-inactivation of the trypsin and simul¬ 
taneously “spontaneous activation” of the enzyme. Thus, if the trypsin 
content of the extract be measured from time to time by hydrolysis of a 
suitable protein, there may be, instead of the decrease to be expected from 
heat-inactivation of the enzyme, an apparent increase in trypsin content, if 
it so happens that the “spontaneous activation” effect preponderates over 
the heat inactivation. Furthermore, Waldschmidt-Leitz has indicated that 
trypsin associated with its activator is less stable than the enzyme alone. In 
view of this the main experiments described in this paper have been carried 
out with a purified extract of the dried pancreas powder, in which the trypsin 
is free from enterokinase and its pre-stage. 

Experimental procedure. 

To study the inactivation of trypsin at different p H values the following 
procedure was adopted. To 10 cc. of the neutral solution prepared in the 
manner described below were added normal acetic acid or normal ammonia 
to bring it to a required p R and then distilled w^ater w r as added to make the 
total volume 11 cc. This volume of solution was divided out into a number 
of test-tubes already immersed in the thermostat, regulated to ± 0*05°, at 
50°. The test-tubes were then tightly stoppered and removed at various time 
intervals from the thermostat into crushed ice. The trypsin content of 1 cc. 
of solution was then measured. For the major portion of the work the trypsin 
content was measured by the method of Willstatter et al. [1926] (activation 
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with enterokinase and subsequent interaction with easeinogen at p H 8*7 at 
30° for 2 minutes). While the work was in progress a modification of this 
method was published by Linderstrom-Lang and Steenberg [1929]. (This 
modification provides for a more definite control of the activation process 
with enterokinase in the analytical procedure. A buffer is used and the 
activation is always carried out with an arbitrarily chosen enterokinase 
unit.” Further, the hydrolysis is made to take place at p n 9*1.) Accordingly 
the measurements, already made by the writer for the determination of the 
critical increment of the inactivation process, were repeated using this revised 
technique and substantially the same results were obtained. 

Preparations. 

(a) Preparation of trypsin free from enterokinase and the pre-staye of the 
activator. In the earlier work of the Willstatter school a separation of trypsin 
from the activator and its pre-stage was accomplished by a series of selective 
adsorptions on alumina C . Later a revised method and technique was pub¬ 
lished bv Waldschmidt-Leitz and Linderstrom-Lang [1927]. The principle 
of the latter method is to adsorb trypsin-kinase and the pre-stage of the 
activator on easeinogen, and then, by precipitating the protein, to leave 
the trypsin behind in the mother liquor. This process of purification, due to 
Waldschmidt-Leitz and Linderstrom-Lang was carried out as follows. 

Pig’s pancreas, free from fat, was prepared by drying with acetone and 
ether according to the procedure of Willstatter and Waldschmidt-Leitz [1923], 
6 g. of the dried gland powder were added to 100 c<\ of glycerol-water mixture 
(containing 80 % glycerol). The powder was dispersed through the liquid 
by shaking and the dispersion kept for 5 hours at 30°. The finely divided 
suspension was centrifuged, and the supernatant liquid finally filtered. To 
25 cc. of the clear ice-cold glycerol extract prepared in this manner were 
added 15 cc. of an ice-cold 6 % easeinogen solution. The mixture was left for 

5 minutes in the ice-chest and was then treated with 2 cc. of A T acetic acid. 
The resulting precipitate of protein was filtered off and to 20 cc. of the filtrate 
was added a further 15 cc. of ice-cold 6% easeinogen solution followed by 

1 cc. of N acetic acid. The precipitate was again filtered off. The filtrate, now 
clear and colourless, was brought to neutrality by addition of N ammonia. 
This neutral solution, which contains the trypsin completely free 1 2 from 
enterokinase and its pre-stage, was kept in the ice-chest. 

(b) Enterokinase solution. Pig’s intestinal mucosa was treated with acetone, 
acetone-ether mixture, and finally ether according to the procedure of 
Waldschmidt-Leitz [1924]. An aqueous extract was prepared by suspending 

6 g. of the dried mucosa in 200 cc. distilled water for 5 hours at 30°. The 
suspension was centrifuged and filtered. To 100 cc. of the clear filtrate were 

1 This statement is borne out by the fact that there was no hydrolysis of easeinogen in 

2 hours at 30°. 
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added 1*6 cc. N acetic acid and the resulting precipitate of protein matter 
was centrifuged ( off. The clear supernatant liquid was neutralised with N 
ammonia and kept in the ice-chest. 

(c) Caseinogen solution . The caseinogen solution was prepared by addition 
of 100 cc. 0*05 N ammonia to 6 g. caseinogen (Kahlbaum-Hammarsten), 
stirring and keeping for 1 hour at 30°. This solution is referred to as a 6 % 
caseinogen solution. 

(d) Buffer solutions . For the method of determination according to 
Willstatter et al. [1926] the buffer solution was made up by mixing equal 
volumes of N ammonia and N ammonium chloride. The p H of this buffer was 
measured at 20° with the glass electrode and found to be 8*6. 

For the Linderstrom-Lang and Steenberg modification of the method two 
buffer solutions were made up as follows: 

(i) by mixing 300 cc. N ammonium chloride and 50 cc. N ammonia; 

(ii) by mixing 250 cc. N ammonia and 350 cc. water. 

The p H measurements of the trypsin solution w’ere made by means of the 
glass electrode at room temperature. 


The course of the reaction . 

The heat-inactivation of a number of enzymes has been studied by various 
investigators and in general it has been found that the course of the reaction 
is “unimolecular.” Thus Tammann [1895] found that the heat-inactivation 
of emulsin conforms to the unimolecular expression, and Madsen and Walbum 
[1907] obtained the same result for the proteolytic enzymes pepsin and 
trypsin. 

It should be emphasised that all previous work on the heat-inactivation 
of trypsin has been carried out with material in which the enzyme has been 
associated with the activator, enterokinase. Since trypsin associated with 
the activator, i.e. trypsin-kinase, and non-activated trypsin are quite specific 
in their function as catalysts, it cannot reasonably be assumed that the loss 
of their catalytic efficiency on heating will occur at the same rate. Conse¬ 
quently previous work on the enzyme is not strictly comparable with the 
results described in this paper obtained with purified trypsin solution. Further¬ 
more, most of the previous work has been carried out with unpurified material 
containing a considerable amount of protein matter. In such enzyme material, 
which contains the trypsin associated with enterokinase and therefore endowed 
with the capacity to hydrolyse native proteins, it is to be expected that 
hydrolysis of the protein matter contained in the enzyme preparation will 
proceed during the course of the inactivation. Thus at least two factors are 
introduced which may influence the temperature sensitivity of the enzyme, 
namely: 

(1) a change in p H , due to the formation of free carboxyl and amino- 
groups; 
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(2) the formation of reaction products which have a stabilising influence 
upon the enzyme, as the work of Schmidt [1911], Vernon [1904] and Northrop 
[1922] has shown. 

Although the results obtained by Tammann and by Madsen and Walbum 
were in agreement with the unimolecular equation this is not the experience 
of other workers. Thus Northrop [1922], working w r ith “Fairchild's trypsin,” 
found that the course of the heat-inactivation did not conform to the uni¬ 
molecular expression. He suggested that the observed decrease in the 
unimolecular constants with time is due to the enzyme acting upon the 
protein matter in the preparation used and thus forming a compound with 
the products of reaction which is more stable to heat than the “free” enzyme. 
On purifying the enzyme solution by dialysis he obtained, in one experiment, 
a satisfactory unimolecular constant. Vernon [1901], working with a pancreas 
extract containing activator, had also previously found that the constants 
worked out on the unimolecular basis decreased with time. He ascribed this 
falling off as due to the presence of several enzymes of different degrees of 
stability. In the light of the more recent work it is difficult to accept this 
explanation, for Vernon measured the quantity of enzyme by the hydrolysis 
of fibrin, and therefore was actually measuring the quantity of one enzyme 
only, namely activated trypsin, since noil-activated trypsin and erepsin do 
not possess the property of hydrolysing native proteins. 

in the experiments described in this paper, with trypsin freed from 
enterokinase and its pre-stage, it is found that the course of the heat- 
inactivation in fact follows the unimolecular expression. It would appear, 
as Northrop suggested, that the decrease in the unimolecular constants 
observed with unpurified trypsin solutions is due to the protective influence, 
of the substances formed by the action of trypsin-kinase upon the protein 
in the solution. 

The applicability of the unimolecular expression for the heat-inactivation 
of the trypsin solution employed by the writer is illustrated in Table I, for 
solutions at p n values in the alkaline, acid and neutrality regions respectively. 

The measurements at a particular time interval were done in duplicate 
and in all the following tables the magnitude of the ‘’trypsin unit per cc.” 
set down opposite a particular time is the mean of such duplicate experiments. 

The values of A* un t were obtained from the equation: 

A^unl- y l°gio a _ x 

where a = trypsin units per cc, at zero time, 

a — x = trypsin units per cc. after time t mins. 

The trypsin unit employed is that defined by Willstatter et ah [1926], namely 
the quantity of trypsin which produces in a 6 % caseinogen solution under 
the standard conditions of measurement an increase in acidity equivalent to 
1*05 cc. 0*2 N NaOH. 


Biochem. 1930 xxiv 


39 




610 


J. PACE 


Table L 


Temp. 50°. Glycerol content of solution 24 %. 


Time 
t mins 

Trypsin units 
per co. 

^Ulll 

0 

Pn 8*40. 

1-60 


60 

1-25 

3*97 x 10~ 3 

129 

105 

3*27 x 10~ s * 

161 

0*905 

3*54 x l(r 3 

211 

0*78 

3*40 x10~ 8 

0 

p B 5*86. 

1*52 


60 

1-28 

2*86 x10~ 3 

124 

, 1*07 

2*82 x 10-® 

159 

0*94 

3*02 x 10~ 3 

0 

Pn 712. 

1*60 


120 

1*22 

2*26 x10~ a 

240 

0*93 

2*24 x HU 3 

360 

0*77 

2*04 x J0“* 


The effect of p n upon the heat inactivation. 

The p H of the medium has a very marked effect upon the stability of all 
enzymes. In general it is found that each enzyme has a fairly broad optimum 
region of stability and that outside this region the rate of destruction increases 
rapidly. In Table II the results obtained for the heat-inactivation of trypsin 
at various p n values are summarised. The mean of the values for k\ in \ at a 
particular p H are set down opposite that p n value. 

These results are plotted in Fig. 1, where it is seen that the enzyme is 
most stable at p u 6-5. 



Fig. 1. 

Table II. 

Temp. 50°. Glycerol content of solution 24 %. 


Pn 

&unl x 16® 

Pn 

&«»,! x 10* 

9*95 

9*23 

6*64 

2*00 

8-82 

4*12 

6*51 

1*70 

8*40 

3*59 

5*86 

2*90 

7 96 

2*98 

5*52 

2*64 

7*12 

2*18 

4*85 

3*14 
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It is not possible to compare with certainty these results obtained for the 
effect of p H with other w T ork in which a different enzyme material has been 
employed. This point has been emphasised by Willstatter, Haurowitz and 
Memmen [1924] for the dependence of enzyme activity upon p H , where they 
show that substances of various kinds may modify the influence of p H . At 
the same time it is noteworthy that for many enzymes the region of optimum 
stability appears to lie about p B 6. Thus Morgulis and Beber [1928] found 
that the optimum stability for catalase lies between p H 0 and 6*5, Michaelis 
and Rothstein [1922] found the optimum stability for pepsin at 6, whilst 
Ernstrom [1922] found an optimum stability at /> H 6*1 for salivary amylase, 
and Willstatter, Graser and Kuhn [1922] found the optimum stability of 
saccharase at p n 5*8. Northrop [1922] found the optimum stability for the 
trypsin he used to be at p u 5*0. 

The shape of the p H -stability curve is somewhat similar to that obtained 
by Lewis [1926] for the effect of p u upon the rate of heat-denaturation of 
proteins. 

The critical increment of the process. 

The critical increment for the process of heat-inactivation of enzymes is 
found to be very large and comparable with that found for the heat- 
denaturation of proteins by Chick and Martin [1910] and Lewis [1926]. 

Experiments were carried out to determine the critical increment for the 
heat-inactivation of trypsin. This was determined by measuring A’ un i at 50 
and 60° and then substituting the mean values in the equation: 

d In i _ E 
dT ' XT*' 

Measurements were made in the three cases: 

(1) at the region of optimum stability, p L1 6*51; 

(2) at an alkaline p u , 8*82; 

(3) at an acid p n , 5*02. 

The results are set out in the following tables, where the method employed 
for the determination of the quantity of enzyme is also stated. 

Table III. The critical increment at p /7 6-51. 

Method ol determination that of Willstatter et al. [1926]. Glycerol content of solution 24 %. 


Time 

Trypsin units 


t mins. 

per cc. 


Temp. 50°. 


0 

1-53 

— 

120 

1-23 

1-82 x 10“ 3 

295 

0-95 

1*00 x 10 8 

385 

0-80 

1-68 x 10~ 3 


Mean 

i-70 x 10~ 3 


Temp. 60°. 


0 

1 51 

— 

18 

T23 

114x10-* 

36 

103 

106 x 10“ 2 

54 

0-805 

1*16 x 10“ a 

72 

0-62 

1 24 x10“* 


Mean 115 x 10“ 2 

Substituting the mean values of k atl[ at 50° and 60° into the equation cited above we arrive 
at a valuti of #=40,800 calories for the heat-inactivation of trypsin at p H 6-51. 
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Table IV. The critical increment at p H 6*50. 

Method of determination that of Linderstrom-Lang and Steenberg [1929]. Glycerol content of 
solution 24 %. 


Time 

Trypsin units 



t mins. 

per ce. 

Temp. 50°. 


^uni 

0 

0*72 


— 

90 

0-60 


201 x 10~ 3 

160 

0 55 


1 *08 x 10~ 8 

200 

049 

Temp. 60°, 

Mean 

1-92 x ur 3 

1 87x10~ a 

0 

0*72 


— 

20 

006 


1-25 x 10~ 2 

40 

045 


1*17 x 10" 2 

60 

0-35 

Mean 

1*20 x 10“ 2 

1*21 x 10“ a 


From these values of k mi[ at 50° and 60 J we arrive at a value of E — 39,700 calories for p H 6'50. 

Table V. The critical increment at p ;/ 8*2. 

Method of determination of enzyme quantity that of Willstatter et at. [1926]. Glycerol content 

of solution 24 %. 

Temp. 50°. Mean value of k uu \ —4-35 x 10~ 3 
Temp. 60°. Mean value of & l( „t — 3-47 x 10~ 2 

From these values of l* UI)i at 50° and 60° we arrive at a value of 44,300 calories for the critical 
increment at p H 8-82. 

Table VI. The critical increment at p /f 5*02 . 

Method of detenuination of enzyme quantity that of Linderstrom-Lang and Steenberg [1929). 

Temp. 50°. Mean value of /fc luji — 2-90 x 10 ~ 3 
Temp. 60 v . Mean value of & un , =r 1-75 x 10~ a 

From these values of £, mi at 50° and 00° we arrive at a value of 38,300 calories for the critical 
increment at p H 5*02. 

From these results it is seen that the critical increment of the heat-inacti- 
vation of trypsin is sensibly the same over the p n range 5 to 9. 

Discussion. 

It may be pointed out that the critical increment of heat-inactivation of 
trypsin is about one-half of the critical increment of heat-denaturation of 
haemoglobin and about one-third of the critical increment of heat-denatura- 
tion of egg-albumin in the region of neutrality, i.e. the region in which the 
rate of denaturation is least. If heat-inactivation be connected with de- 
naturation of the supporting or “core” protein associated with the enzyme 
it must follow that the protein involved is more easily denatured than is the 
free protein. 

Again, comparing E — 40,000 calories for heat-inactivation with E = 14,000 
calories for the tryptic hydrolysis of caseinogen [Moelwyn-Hughes, Pace and 
Lewis, 1930] and with E = 22,000 calories for the acid hydrolysis of acetyl- 
glycfne [Escolme and Lewis, 1927] it is seen that inactivation is almost 
certainly not hydrolysis of the protein “core” of the enzyme. 
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It is difficult to draw any conclusions from the fact that the stability 
optimum of trypsin lies between p n 6 and 7, because of the diverse results 
cited in the literature about the electro-chemical nature of trypsin. Thus 
Michaelis and Davidsohn [1911] stated that trypsin was an amphoteric body 
with an isoelectric point between p H 4 and 5, while Northrop [1924] agreed 
that trypsin was amphoteric, but found the isoelectric point to be at p B 10*2. 
Later work by Willstatter has indicated however that it is only in crude 
preparations that trypsin has an amphoteric character. After purification 
trypsin is not adsorbed by alumina suspensions having a negative charge— 
but is adsorbed quantitatively by kaolin suspensions which have a positive 
charge. From this it appears that trypsin is definitely basic in character. 

It is seen that the region of optimum stability for trypsin, p n 6-7, does 
not coincide with the region of optimum activity, which is p u 7-8-8-7. In 
this connection, however, it should be pointed out that the rate of destruc¬ 
tion of trypsin in a digestion mixture maintained about p n 8*7 will not be 
so great as the rate of destruction found for solutions containing enzyme 
alone at that p u , because in the former case the products formed during the 
tryptic digestion exert a considerable stabilising influence upon the enzyme. 

Summary. 

1. Experiments have been carried out on the heat-inactivation of trypsin 
which has been purified so as to be free from enterokinase and its pre-stage. 
The importance of this purification of an extract of pancreas is emphasised 
on account of the complicating effect of the “spontaneous activation'’ of the 
enzyme which otherwise occurs. It is found that the course of the heat- 
inactivation of trypsin purified in this way follows the unimolecular equation. 

2. The effect of p u upon the heat-inactivation of trypsin prepared in the 
above manner has been studied. It has been found that trypsin has an 
optimum stability about p n 6*5, and that the rate of destruction increases 
markedly on either side of this point. The p H -stability curve is similar in 
shape to that obtained for the effect of p n upon the rate of heat-denaturation 
of proteins. 

3. The critical increment for the heat-inactivation process has been 
determined (a) in the alkaline region, (6) in the acid region, (c) at the region 
of optimum stability. It is found that the critical increment is sensibly the 
same at all three points and is of the order of 40,000 calories per molar unit 
of enzyme. 

The above work was carried out under the direction of Professor W. C. M. 
Lewis, to whom the writer is indebted for help and advice. 

The writer desires to express his thanks to the Department of Scientific 
and Industrial Research for a maintenance grant, and also to Imperial 
Chemical Industries, Ltd. for a grant to the Department of Physical 
Chemistry of the University of Liverpool. 
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LXIX. INSULIN AND INCREASE IN WEIGHT 
OF YOUNG ANIMALS. 
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All those who have made use of rabbits for the assay of insulin have noted that 
most of the animals gain rapidly in weight during the first few wrecks. On the 
other hand, according to Long and Bischoff [1930], insulin has no influence on 
the growth curves of rabbits. It has also been observed that depancreatised 
dogs treated with insulin and maintained on a diet of meat, raw pancreas and 
sucrose can be made to put on fat by increasing the proportion of sucrose, 
allowing at the same time one extra unit of insulin for every 2*5- 3 g. of sugar 
[Macleod, 1926]. It is also well known that- most diabetic patients who are 
allowed a liberal diet with sufficient insulin to prevent hyperglycaemia tend to 
put on weight rapidly. These experiences soon suggested to clinical workers 
that insulin might be of value in the treatment of malnutrition, particularly of 
children. The first observations in this direction were those of Pit-field [1923], 
and they have been followed by numerous others of which we will mention only 
those of Marriott and of Tisdall et ah Marriott [1924] concluded that rapid im¬ 
provement in the nutrition of non-diabetic, malnourished children usually 
followed the intravenous injection of glucose and insulin; but this conclusion 
was not endorsed by Tisdall et ah [1925]. In view of these findings it seemed to 
us of interest to ascertain whether young pigs while being fed on a good 
fattening diet could be made to lay on fat more rapidly than ordinarily by in¬ 
jections of insulin. The insulin was supplied in solid form by the British Drug 
Houses, Ltd., and, after being dissolved in faintly acidulated water in suitable 
concentrations, was assayed by the rabbit method. 

Experimental. 

Twenty-four pigs of approximately equal weights were selected at weaning 
and placed on the succession of four graduated diets adopted in the Pig De¬ 
partment of this Institute as the most suitable for raising them for market 
purposes. Each diet was further supplemented by skim milk. The dry feed and 
skim milk, as well as water, were supplied to all animals ad libitum . The con¬ 
sumption of food per group was estimated daily, by weighing the unconsumed 
food. The pigs were weighed every third morning before feeding and, after three 
weighings, twenty animals of approximately equal weights were selected and 
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divided into two equal groups. The animals of Group 1 served as controls, and 
those of Group II were divided into two equal sub-groups (a and b) for in¬ 
jection with insulin. 

The four pigs, which were not included in the above-mentioned groups, 
were used for studying the general effects of insulin. Two of them were deprived 
of food overnight and each was injected at about 10 a.m. with three units of 
insulin per kg. The blood-sugar, examined at hourly intervals in blood taken 
from the tail or ear, fell in the course of about three hours to below 0*05 % 
when hypoglycaemic symptoms developed, the characteristic features being 
rapid breathing with moderate hyperexcitability which was soon followed by 
muscular weakness and a state of coma with falling rectal temperature and 
marked cyanosis. In order to restore the animals, very large amounts of 50 % 
solution of glucose had to be injected subcutaneously. Although these in¬ 
jections were started as soon as the coma had become established, no improve¬ 
ment in the condition could be noted for nearly an hour. Recovery was then 
rapid in one of the animals, but very gradual in the other, both being, however, 
practically completely restored to normal by 5 p.m. 

Other animals were injected with one unit of insulin per kg. body-weight, 
without restriction of food. The following figures show a typical effect on 
the percentage of blood-sugar. 





a.m. 


p.m. 


Time 

7 45 

8.0 

9.15 

10.20 

H.3o' 12.30 3.0 4.0 

4.45 

Blood-sugar mg. 
per 100 cc. 

99 

Insulin 

1 unit 
per kg. 
Fed 

69 

60 

73 83 94 Fed 

121 


In the light of these results it was decided to inject into each of the five pigs 
of Group II a 0*75, and into each of the five pigs of Group II b 1 unit of insulin 
per kg. body-weight twice daily, at 7 a.m. and 4 p.m. 

The insulin was injected subcutaneously behind the ears, but no samples 
of blood were taken, since it was feared that the excitement and struggling 
which are unavoidable in collecting them might influence the results. 

Results. 

There was no evidence of hypoglycaemic symptoms in any of the animals 
throughout the period of insulin administration, which lasted 21 days in the 
case of Group II b and 59 days in that of Group II a. The results are shown in 
Tables I and II. 

Table L Average increase in weight, actual and 'percentage . 

Initial Increase in weight 

weight /-*- A -—1-------^ 

5. xi. 28 11. xi. 28 17. xi. 28 23. xi. 28 29. xi. 28 20. xii 28 3. i. 29 

at.) (it.) (%> (ib.) (%) (ib.) (%) (ib.) (%> (ib.) <%) (ib.) <%) 

Gtoup I* 71-8 5-5 7 7 12-4 17-3 19-4 27 0 25-3 35-2 47-8 66-8 64-2 80-4 

Group II of 75*4 7*3 9*7 14-8 39 6 23*0 30-5 27-6 36*6 51*5 68*3 64*7 85*8 

Group II G8 I 6*6 9*7 12*9 18*9 18*5 27*2 25*2 37-OJ 46*3 68*0 57*3 84*1 

* Average of 10 pigs. f Average of 5 pigs. % Insulin stopped. 
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Table II. Average food consumption (lb.), total and ^ per 1 lb” gain in %r right. 




5. xi. 28 

11. 

xi. 28 

17. 

xi. 28 

23. xi. 28 

29. xi. 

28 

20. xii. 28 



to 

to 

to 

to 

to 


to 



11. xi. 28 

17. 

xi. 28 

23. 

xi. 28 

29. xi. 28 

20. xii, 

. 28 

3. 

i. 29 

Group 


R 

M 

R 

M 

R 

M 

R M 

R 

M 

R 

M 

I 

Total 

18-6 

27-9 

19*6 

29*4 

21*6 

32*3 

23*2 34*8 

81*7 l: 

>25, 

55*8 

83*8 


Per 1 lb. gain 

3-2 

5*1 

2*8 

4*3 

3*1 

4*6 

3*9 5*9 

3*6 

5*4 

3*4 

5*1 

11 a 

Total 

22-6 

33*9 

23*6 

35 4 

25*1 

37*7 

26*5 39*8 

95*6 143*4 

56*2 

84*3 


Per 1 lb. gain 

31 

4*6 

3*1 

4*7 

3*1 

4*6 

5*8 8*6 

4*0 

6*0 

4*2 

6*4 

116 

Total 

180 

27*0 

19*9 

29*9 

21*7 

32*6 

22*9* 34-4* 

84*6 12 

!6*8 

56*2 

84*3 


Per J lb. gain 

2*7 

41 

3*2 

4*7 

3*9 

5*8 

3*4 51 

4 0 

6 0 

5*1 

7*7 


R 

Dry food. 


M Milk. 


* Insulin stopped. 





It can be seen that the average weight of the animals of Group II a in¬ 
creased decidedly more rapidly than that of the controls, especially during the 
first three weeks of the observation, but that ultimately the controls were well 
ahead of the injected animals. The animals receiving the larger doses of insulin 
(Group II b) did not at first put on weight as rapidly as those of Group II <7, but 
they did so more iapidly than the controls. After discontinuance of insulin in 
this groii}>, the animals fell behind the controls. These results are comparable 
with those obtained several years ago by Miss O'Brien and one of us (J. J. R. M.) 
who conducted a similar series of observations on groups of full-grown rabbits. 
The rabbits were all fed ad libitum with a, diet rich in readily assimilable 
carbohydrate and certain of them were injected twice daily with sub-convulsive 
doses of insulin. During the first two or three weeks, the insulin-injected 
animals increased in weight more rapidly than the controls, but ultimately no 
difference could be detected between the two groups. 

Attention is to be called to the fact that the early advantage shown by the 
injected animals does not necessarily mean that the insulin had endowed them 
with a greater pow T er of converting available carbohydrate into fat or had led to 
retention of water in the tissues; it may merely have stimulated the appetite‘so 
that more food was ingested. It will be seen from Table 11 that this was the case 
at least during the earlier stages of insulin injection in the pigs of Group II a: 
the total food consumption w'as increased but the food consumption per pound 
of increase in weight was unchanged. At later stages in this group for each 
pound of increase in w r eight more food was Required than in the controls, 
indicating that the insulin was now' having the effect of diminishing, rather 
than increasing, the assimilative powers. The results of Group II b show’ that 
w r hile insulin was given there W'as no influence either on the total food con¬ 
sumption or on the assimilative power. After insulin was discontinued, 
the latter seemed to be decreased, since each pound increase in weight re¬ 
quired more food than in the controls. When the pigs w T ere ultimately sold for 
butchering, no difference was noted between the injected and control animals. 

Although these results show conclusively that insulin does not speed up 
the rate of fattening of normal pigs, it does not necessarily follow that it might 
not have this effect when injected into poorly thriving animals. It is well 
known to farmers that there are often one or more pigs in a litter which do not 
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put on weight at the average rate, without there being any obvious pathological 
condition to account for the state of malnutrition. 

An observation was accordingly planned in which four such underweight 
pigs were used, two being used as controls and two injected twice daily with 
one unit of insulin per kg. body-weight. The period of observation was forty- 
two days and the following were the results. 

Percentage increases in 
Initial weight weight after 42 days 


Control pigs 1 96 lb. 

2 691b. 

Insulin pigs 1 79 lb. 

2 89*5 lb. 


36-4 

23*2 

44*9 

42*5 


This indicates a decided improvement as a result of insulin, but more 
observations would be required before it could be concluded that injections of 
this hormone can with certainty convert the “runts” into normal animals. 


Summary. 

Two groups of 5 healthy pigs were given insulin daily in subcutaneous 
doses of 1-5 and 2 units per kg. body-weight and their weights compared with 
those of 10 animals fed on the same diet but receiving no insulin. 

Insulin had only a very slight accelerating effect on the rate of increase in 
weight, which was evidently due to a correspondingly greater consumption of 
food and not to any metabolism -sparing action. 

Other experiments suggested that insulin had a more marked effect on 
marasmic pigs. 

We desire to express our thanks to Mr D. W. Auchinachie, and Mr Wm 
Thomson for technical assistance. 
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The measurement of the absorption of ultra-violet radiations by biological 
substances, as effected with the spectrophotometer, has been used with some 
success in recent years. Using this method Smith [1928] measured the ultra¬ 
violet absorption of uric acid and pointed out the close correspondence of 
the absorption of an ultra-filtrate of human plasma with that of a simple 
solution of uric acid. 

In some unpublished work, the present writer has found that ultra¬ 
filtrates of certain other body fluids and tissue extracts have markedly 
different absorptions from that of plasma. The substances most likely to 
cause this absorption would seem to be purines. 

It was therefore decided to establish the characteristic absorption of these 
substances and so obtain a basis for future investigation, both quantitative 
and qualitative, of body fluids. In this paper the results of this investigation 
are reported. 

Historical. 

Soret [1883] and Hartley [1905] investigated the absorption of purines in 
the ultra-violet region. Later Dhere [1909] examined purines and pyrimidines 
and showed that they all exhibited selective absorption. He also demon¬ 
strated that uric acid shows one absorption band in alkaline solution and 
two bands in acid solution. These observations were not quantitative, owing 
to the limitations of the methods employed. 

Smith [1928], using a Hilger spectrophotometer with rotating sector, was 
able to measure the absorption of uric acid quantitatively, and confirmed 
Dh6r<$’s observations in acid and alkaline solutions. Recently Marchlewski 
and Wierznchowska [1929] have investigated adenine, guanine and uric acid 
in the same way; they failed however to observe the effect of hydrogen ion 
concentration on the ultra-violet absorption spectra. 
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Methods. 

The absorption spectra were measured with a Hilger quarter-plate spectro¬ 
photometer with rotating sector. The source of radiation was a condensed 
spark between tungsten-steel electrodes. A Hilger micrometer cell was used 
for determining whether Beer’s law was followed. The thickness of the cell 
could be varied from 0 to 5 mm., the micrometer being graduated in 0*01 mm. 
and reading to 0*01 mm. with 5 % error. 

Ilford process plates were used except where investigation of the spectrum 
of shorter wave-lengths than 2150 A. was desired, in which case Schumann 
plates (Hilger) were employed. 

Experimental. 

Each purine was examined with the object of showing: 

(1) whether Beer’s law was followed; 

(2) the effect of hydrogen ion concentration on the absorption spectra; 

(3) the effect of chemical combination of the purine with a molecule 
which has no appreciable absorption at the same wave-length. 

The purines were examined in as pure a state as possible. Guanine and 
adenine and their nucleotides were isolated from yeast nucleic acid by the 
method of Jones [1914]. Hypoxanthine was obtained from meat extract. 
The adenosine was a commercial product and two commercial samples of 
uric acid were investigated. The nitrogen content was taken as the standard 
of purity and recrystallisation repeated until the estimated content agreed 
within 1 % of the theoretical value. 


(1) Beer's law L 

The solvent in all cases was water. 

The thickness of the cell was varied so that in the formula 

E ->*i 

c x d w r as constant. The sector used was one of the short focus type which 
will not hold a cell of more than 1 cm. length. The experimental error of the 
spectrophotometric method is least at an c value on the rotating sector of 


1 Beers law states that the absorptive power of molecules is independent of their concen¬ 
tration. This can be expressed graphically by 


log x constant, 
1 ca 


where. / is the intensity of the incident beam of monochromatic light and /' the intensity of the 
same light after transmission through a layer of absorbing solution of thickness d and concen¬ 
tration c. 

The ratio log j, is expressed as c (the extinction coefficient) and is given by the reading on 

the sector. E (the specific extinction coefficient) has been taken in this paper as being the 
constant in the above expression. Molecular E is this constant when d~l cm. and c is the mole¬ 
cular weight of the substance in grams in one litre and is of importance only for purposes of 
comparison, having no practical meaning. 
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M) to 1*1. This results from two opposing sources of error. The lower the 
€ value on the rotating sector the higher the percentage error, due to the 
error of the spectrophotometer being constant over all ranges [von Halban 
and Eisenbrand, 1927]. On the other hand, the higher the e value on the 
sector the more difficult is it to set the sector accurately owing to the scale 
divisions being logarithmically spaced and very close at high e values. A mean 
is struck at e = 1-0—1-1 where the mechanical error is low and the accurate 
setting of the sector relatively easy. From these considerations the weakest 
solution was made so that with a thickness of 1 cm. e had a value of 1*1. 

Five dilutions were examined ranging from the weak to a saturated solu¬ 
tion. Owing to the Blight solubility of the purines in water the range is not 
large, the saturated solution having about 25-40 times the concentration of 
the weakest solution examined. 

All the purines examined follow Beer’s law' within the limits investigated. 



Fijlt. 1. Uric acid. Effect of hydrogen ion concentration on absorption curve 1 . 

I p„ 9' 1. II Pii “ 7*8 III Pn b*8 1V p n — 20 

(2) Hydrogen ion concentration . 

Owing to their general absorption at the shorter wave-lengths, buffer 
solutions were found unsuitable for obtaining solutions of given hydrogen 
ion concentration. Solutions of purines in suitable strength were made up 
in alkali (NaOH) and titrated w r ith acid (HOI) to an approximate p n . This 
was subsequently determined by the glass electrode method [Ker ridge, 19251. 
The results are, shown in Tables I and II. Where the effect of hydrogen ion 
concentration is small, determinations at only two p u values are given. 

Absorption curves of uric acid and guanine showing the effect of hydrogen 
ion concentration are given in Figs. 1 and 2. 



622 


E. R. HOLIDAY 


Table I. 

Molecular E Apex/base Wave-length (A.) 

-a -^ ra tio ,- A - 



JPh 

a apex 

j8 base 

a/P 

a 

P 

y 

Adenine 

30 

1*4x10* 

0*20 x 10* 

5*4 

2630 

2300 

2110 


100 

1*4 \ 10* 

0*20 x 10* 

5*4 

2660 

2380 

2230 

Adenine 

nucleotide 

40 

1*3 x 10* 

0*24 x 10* 

5*5 

2620 

2290 

2110 

Adenosine 

8-0 

1*3x10* 

0*24 x 10* 

5*5 

2640 

2340 

2200 

Hypoxanthine 

3*0 

0*9 x 10* 

0*15 x 10* 

5*0 

2450 

2210 

2070 

70 

0*9 x 10* 

0 *15 x 10* 

5*6 

2490 

2220 

2080 


11*0 

0*9 x 10* 

0 *15 x 10* 

5*6 

2590 

2300 

2170 

Caffeine 

30 

0*8 x 10* 

0 *14 x 10* 

5*6 

2740 

2440 

2180 


10*0 

0*8 x 10* 

0*14 x 10* 

5*0 

2710 

2430 

2190 

Theobromine 

3*0 

0*9 x 10* 

0*3 x 10* 

3*0 

2720 

2410 

2190 


30*0 

0*9 x 10* 

0*3 x 10* 

3*0 

2740 

2480 

2210 

Ergothioneine 

— 

1*1 xlO* 

— 

— 

2570 

— 

— 





Table 

Molecular E 

___ _ A _ _ 

ii. 


Wave-length (A.) 



Pm 

r' .. " 

ft 


h 

r - 

ft 

a s 

ft 

y 

Uric acid 

9*1 

1*0 xlO* 

0*25 x 10* 

— 

— 

2920 

2610 

— 

— 

2315 


7*8 

1*0 x 10® 

0*25 x 10* 

0*76 x 10* 

0*45 x 10* 

2920 

2610 

2300 

2190 

2090 


6*7 

1*0 x 10* 

0*25 x 10* 

0*76 x 10* 

0*45 x 10* 

2920 

2010 

2360 

2190 

2090 


2*0 

1*0 x 10 5 

0*25 x 10* 

0-76 x 10* 

0 55 x 30* 

2840 

2530 

2300 

2170 

2040 

Guanine 

9*0 

0*63 x 10* 

— 

— 

0*43 x 10* 

2760 

.— 

— 

2300 

2240 


8*8 

0*63 x 10* 

— 

— 

0*43 a 10* 

2760 

— 

— 

2300 

22(H) 


6*8 

0*63 x 10* 

0*52 % 10* 

0*64 x 10* 

0*43 x 10* 

2760 

2020 

2500 

2300 

2180 


2*4 

0*63 a 10* 

0 52 x 10* 

0*82 x 10* 

0 33 x 10* 

2760 

2620 

25(H) 

2230 

2120 


0-87 

— 

— 

1*09 x 10* 

0 32 x 10* 

— 

— 

2480 

2230 

2090 

Guanine 

1*0 

— 

— 

105 x 10* 

0-20 x 10* 

— 

-- 

2500 

2230 

2090 


nucleotide 



Fig* 2* Guanine, Effect ol hydrogen ion concentration on absorption curve, 
IPh® 90 Ilp H =8-8 IIIp H «6-8 IVp fl = 2’4 V 
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Discussion of results. 

It will be seen that purines can be divided into two groups: (1) those 
which have only one absorption band (Table I), and (2) those which have 
two bands in acid solution (Table II). The absorption of the first group is 
little influenced by increase in hydrogen ion concentration, the only effect 
being a slight shift of the absorption towards the shorter wave-lengths. The 
average shift is about 30 A. with a change from p n 10-0 to p H 3-0. The ex¬ 
ception is hypoxanthine, which shows a shift of 140 A. over the same range 
of p n . The extinction coefficient is unaffected in all cases by change of hydrogen 
ion concentration, which is in disagreement with Smith [1928], who found a 
slightly higher extinction coefficient for uric acid in alkaline than in acid 
solution. 

The second group comprises uric acid and guanine. In the case of uric 
acid (Fig. 1) change of the absorption takes place in two stages: (i) between 
p n 9-1-7-8 (curves I and II) and (ii) between p n 6*8- 2*0 (curves III and IV). 
No change occurs between p u 7*8~6*8 (curves II and III). Two dissociation 
constants for uric acid [His and Paul, 1900] are given as 2 x 10 6 and 
2*0 \ 10 9 which correspond to p n values of 5-7 and 8*7 respectively. It 
seems probable, therefore, that in the case of uric acid the absorption changes 
correspond to changes between acidic and basic forms of the molecule. 

In the case of guanine the change in the absorption seems to be a gradual 
one throughout the range of p n . One dissociation constant is given for 
guanine bv Wood [1903] as 8*4 x 10 12 , which corresponds to a p n of 11*0. 
This is outside the range shown in Fig. 2, but a solution of guanine at that 
p R shows the same absorption curve as I in Fig. 2. A titration curve of 
guanine showed no evidence of a second dissociation constant. From its 
constitution as a 2-aniino-6-hydroxypurine one would expect guanine to have 
two dissociation constants.* If, as has been suggested in the case of uric acid, 
absorption changes result from intramolecular rearrangements in the dissocia¬ 
tion of guanine, it can be seen that the dissociation into the more basic form 
is spread over a wide range. This is probably the reason for the difficulty in 
determining the second dissociation constant. 

The results show the importance of determining the hydrogen ion con¬ 
centration in any spectrophotometric method of estimating or identifying 
purines. 

It will be seen that chemical combinations have no effect on the absorp¬ 
tion of the purines as judged by the absorption spectra of their nucleosides or 
nucleotides. The absorption of these substances is identical with that of the 
corresponding purines under the same conditions. 

In general it may be said that the spectrophotometric method offers a 
fresh mode of attacking the problems of purine metabolism. It must be 
emphasised, however, that it can only be an adjunct to the usual biochemical 
methods of analysis and is useless by itself for investigating tissue fluids. 
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Even if the substances causing selective absorption in these fluids are purines, 
it can be seen from the tables that the absorption bands of the different 
members occur so close to one another that it would be impossible to identify 
and estimate two such occurring in roughly equivalent amounts. On the 
other hand, as a rapid method of estimating separate members of the purines 
the method is of great value, and the fact that nucleosides and nucleotides 
are estimated in terms of the contained purine might be made use of in 
estimating proportions of free and combined purine. In the case of uric acid, 
which Benedict [1923] states occurs in ox-blood combined as a riboside, the 
spectrophotometric method has shown, in preliminary experiments by the 
writer, that, by a simple method of difference, an estimate of the amount 
of combined uric acid can be obtained. The chemical methods only estimate 
free uric acid and the spectrophotometric method total uric acid, free and 
combined. 

The chemical methods are few and of doubtful reliability. The results for 
uric acid in normal human blood are probably of fair accuracy, but this does 
not apply to animal blood [Bulmer, Hunter and Eagles, 1925], Buell and 
Perkins [1928] have developed a nephelometric method for determination of 
adenine nucleotide in blood but, apart, from these, no methods for estimating 
purines in small amounts of blood are available. It therefore seems reasonable 
to hope that the spectrophotometric method, if used with proper precautions, 
may be of value in investigations of purine metabolism. 

It was thought of interest to include observations on ergothioneine. This 
compound, thiolhistidinebetaine, exists in blood and interferes with colori¬ 
metric determinations of uric acid. It was isolated from pig’s blood by 
Hunter and Eagles [1925]. It shows selective absorption very similar to that 
of purines and the molecular extinction coefficient is of the same order. The 
interest of its absorption spectrum lies, however, in the fact that it is com¬ 
pletely transparent to rays of short wave-length ag far as 1900 A. 

Summary. 

1. The ultra-violet absorption spectra of the following purines has been 
determined: uric acid, guanine, adenine, hypoxanthine, caffeine and theo¬ 
bromine. 

2. Beer’s law is followed by all. 

3. The effect of hydrogen ion concentration on the absorption spectra 
has been measured and its importance emphasised. 

4. Combination of a purine in the form of a nucleoside or nucleotide does 
not alter the absorption. 

5. The ultra-violet absorption spectrum of ergothioneine has also been 
determined. 

The writer wishes to express his indebtedness to Dr J. R. Marrack for the 
hydrogen ion determinations, to Dr H. D. Kay for the adenine and guanine 
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nucleotides, to Dr Eagles for the sample of ergothioneine and to Mr Campbell 
Smith for many valuable suggestions. 

This work was done during the tenure of a scholarship given by the 
Worshipful Company of Grocers. 
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In connection with some problems on the physiology of the heart under in¬ 
vestigation in this laboratory, the question arose as to whether the readily 
extractible depressor substance was the base histamine. 

It is well known that simple aqueous or alcoholic extracts of almost any 
tissue cause a fall in blood-pressure on injection into the circulation of the cat. 
The heart is not an exception. In fact, it yields an extract with powerful de¬ 
pressor activity. 

The marked similarity in the physiological behaviour of tissue extracts and 
of solutions of histamine gave rise to the view that histamine was present in 
these extracts, a view which has been confirmed recently by the isolation of 
pure histamine, in the form of its dipicrate, from extracts of liver and lung 
[Best, Dale, Dudley and Thorpe, 1927], of muscle [Thorpe, 1928], and of 
spleen [Dale and Dudley, 1929]. It therefore seemed reasonable to expect that 
the depressor substance of heart extracts would be histamine. This expectation 
has, in fact, been realised. 

Apart from giving additional confirmation to the view that extracts of most 
tissues contain histamine, proof of the presence of histamine in heart extracts 
is of significance in connection with recent work on the so-called “ heart 
hormone.” Many workers have observed that heart extracts have a stimu¬ 
lating action on the frog’s and rabbit’s heart but there is much disagreement 
as to the nature of the substance responsible for these effects. Some workers 
[Demoor, 1924; Haberlandt, 1927] are of the opinion that the substance is 
formed in certain regions of the heart and is a specific heart hormone. Others, 
however [Bigler and Tieman, 1927; Bigler, 1929; Oppenheimer, 1929], deny 
the specificity of this substance, and have obtained extracts producing similar 
effects not only from any region of the heart but also from a variety of other 
tissues. Further, they have produced similar effects with pure histamine alone. 
Bigler, in fact, on physiological grounds puts forward the view that the sub¬ 
stance is actually histamine. A full discussion of the work in this field is beyond 
the scope of this paper. The main features are briefly but effectively summarised 
by Oppenheimer [1929], who gives references to the more important papers. 
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The experiments described in the present communication prove that 
histamine is present in extracts of ox ventricles. Further, these extracts appear 
to contain relatively large quantities of histamine. In view of the presence of 
this large amount of histamine in heart extracts, it seems probable that the 
cardiac stimulating effect of heart extract may be due wholly or in part to 
histamine, and it is clear that unless histamine is removed from such extracts 
no conclusion can be drawn with regard to the presence of a specific heart 
hormone. In the absence of evidence for a specific heart hormone, chemical 
proof of the presence of histamine in heart extract tends to support Rigler’s 
view. 

The vasodilator activity of different tissue extracts varies considerably 
[Thorpe, 1928], Lung extracts are particularly rich in histamine compared to 
other tissue extracts. Heart extract w r as found to have activity of a high order, 
being second only to lung extract. 

Extracts prepared from four ox hearts (1*3, 1*5, 1*2, 1*7 kg.) gave values 
equivalent to 9*4, 18, 9*6, 8*1 mg. histamine per kg. of fresh tissue respectively 
when estimated by comparison with pure histamine on the blood-pressure of 
the cat under chloralose. The action was all of a histamine-like type and there 
\cas neither chemical nor physiological evidence to suggest the presence of a 
choline-like substance. 

The above values apply to the ventricles of the heart. In two cases the 
auricles w r ere worked up giving the interesting result that the activity, weight 
for weight of fresh tissue, was approximately double that of the ventricles of 
the heart in question. Auricle extracts therefore have nearly the same order of 
activity as lung extracts (40 mg. per kg.). 

The technique employed for the isolation of histamine from heart extract 
was similar to that employed previously, alcohol being used for the extraction. 
In the final stages difficulties arose similar to those encountered in dealing with 
muscle extracts [Thorpe, 3928]. Heart muscle contains considerable quantities 
of creatine which during the silver fractionation is converted to creatinine and 
methylguanidine. The presence of these substances made the isolation of 
histamine picrate very difficult. The total amount of bases in the histidine and 
arginine fractions was small and it was found that the alcohol extraction of 
these could be omitted. 

With regard to the freshness of the material, the hearts were obtained in 
the laboratory within half an hour of the animals’ death at the slaughter house 
and the same precautions were taken to ensure sterility as in previous work. 

Experimental. 

The ventricles from a fresh ox heart (1*5 kg.) were minced and extracted 
for 24 hours in. 3*5 1. 96 % alcohol, the extract was filtered off in a press and 
the meat re-extracted with a further 3 1.60 % alcohol. The combined extracts, 
after addition of sulphuric acid (0*36 cc. 50 % per 1.) which produced a slight 
precipitate, were filtered and concentrated in vacuo below 30° to about 250 cc. 


40—2 
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After removal of fat by shaking with ether, the fat-free aqueous layer was con¬ 
centrated to 160 cc. After removal of 2*5 g. creatine which separated on stand¬ 
ing, the liquid was neutralised with NaOH and treated with basic lead acetate 
until no further precipitate was produced. The filtrate and washings from this 
precipitate, after removal of lead as sulphide, were concentrated in vacuo to 
100 cc. when a further 1*65 g. creatine separated. 

After removal of creatine, 50 % sulphuric acid was added to produce a 
concentration of 5 %. Phosphotungstic acid (25 % in 5 % sulphuric acid) was 
then added until precipitation was complete, 400 cc. being required. The pre¬ 
cipitate was decomposed in the cold with baryta in the usual way, excess of 
baryta being removed as sulphate. The solution of bases was concentrated to 
100 cc. and fractionated by the Kossel-Kutscher method. 15 cc. 40 % silver 
nitrate were added and the resulting precipitate (“purine” fraction) removed. 
Hot saturated baryta was then added cautiously until the white precipitate 
was just tinged with brown. The precipitate (“histidine” fraction) was filtered 
off. Saturation of the filtrate with baryta precipitated the “ arginine ” fraction. 
The filtrate from this precipitate forms the “lysine” fraction. 

The purine and lysine fractions had no appreciable activity. Silver was 
removed from the histidine and arginine fractions by suspending in sufficient 
dilute sulphuric acid to render the liquid just acid to Congo red and treating 
with hydrogen sulphide. After removal of silver sulphide excess of sulphuric 
acid was removed by baryta and the solution of the bases from each fraction 
evaporated to dryness in vacuo. 

A biological assay of the solutions before evaporation had indicated that 
the depressor activity of the histidine and arginine fractions was equivalent to 
3*2 and 4*8 mg. histamine respectively. 

The histidine fraction was treated with picric acid which immediately gave 
a crystalline precipitate. After a long fractionation of the picrate 0*25 g. 
potassium creatinine picrate and 0*1 g. creatinine picrate were separated in 
pure condition. The residues showed a powerful histamine-like activity but it 
was not found possible to isolate histamine picrate in a pure state from the 
creatinine picrate still remaining. 

The arginine fraction contained relatively little material and was also con¬ 
verted to picrate. This picrate (180 mg.) was subjected to a long fractional 
crystallisation similar to that employed when dealing with muscle extract. The 
mixture consisted mainly of the picrates of methylguanidine and histamine 
and finally after resorting to mechanical separation of the crystals a total of 
5 mg. pure histamine dipicrate was obtained. At the same time 50 mg. methyl¬ 
guanidine picrate were obtained. 

A solution of 8*2 mg. of this histamine dipicrate in 100 cc. water had the 
same depressor effect on the cat’s blood-pressure as a similar solution prepared 
from a known sample of pure histamine dipicrate. The Pauly reactions were 
quantitatively equal. The picrate from heart, pure histamine dipicrate and a 
mixture of the two all-melted together at 240° with decomposition. 
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The yield of histamine from heart . 

Throughout the purification samples were taken at the end of each stage 
for assaying on the cat’s blood-pressure in comparison with pure histamine. 
The values obtained are given in Table I. 

Table I. 


Stage 

Activity m mg. histamine 

Crude extract 

27 

After basic lead acetate 

22 

Pliosphotungstate 

14 

Purine fraction 

— 03 

Histidine fraction 

— 32 

Arginine fraction 

4 8 

Lysine fraction 

•—0 0 

Histamine isolated as pure picrate 

10 


Although rather better than that from muscle, the yield of pure histamine 
from heart extract is poor. But if the yields are considered at the end of each 
stage in the purification the losses in the earlier stages are reasonable, and com¬ 
parable with those obtained in experiments with other tissues, only the loss in 
the silver fractionations being rather larger than usual (41 % instead of about 
25 %). The yield from the picrate stage is certainly low, but it must be 
remembered that the experiment was performed on a very small scale. Conse¬ 
quently, since sufficient volume of liquid had to be left for manipulation, 
relatively less creatine could be removed by crystallisation in the early stages 
than in large-scale experiments such as those with muscle. Thus a relatively 
greater interference by creatinine and methylguanidine is to be expected in 
the picrate stage. 

The physiological assays show a continuous fall in activity throughout the 
purification, a fall which would be expected if histamine was adsorbed by the 
relatively large precipitates removed during the manipulation. The losses are 
of the same order as in previous experiments with other tissues, and it would 
appear that the losses in activity are due to the removal of histamine and not 
to the removal of another depressor substance. This is supported by the fact 
that the biological assays gave no hint of the presence of any substance other 
than one closely resembling histamine, so that it seems justifiable to conclude 
that the depressor substance of heart extract prepared as described in this 
paper is the base histamine. 

Summary. 

(1) Extracts of ox ventricles show a powerful depressor activity corre¬ 
sponding to 8 to 18 mg. histamine per kg. assayed biologically. 

(2) Pure histamine, in the form of its dipicrate, has been isolated from such 
an extract and it is suggested that this substance is responsible for the de¬ 
pressor activity. 

(3) The significance of these findings in relation to recent work on the so- 
called heart hormone is discussed. 
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I wish to express my gratitude to Prof. I. de Burgh Daly for carrying out a 
number of the physiological assays required during these exp erim ents 
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It has been shown by Kreitmair and Moll [1928], Harris and Moore [1928, 
1929], and Kreitmair and Hintzelmann [1928], and has since been confirmed 
by many other workers, that the administration of excessive doses of irra¬ 
diated ergosterol to animals results in the production of calcium deposits, 
notably in the kidney and aorta, and in a tendency to hypercalcaemia and 
hyperphosphataemia. There have been two theories put forward to account 
for the source of this extra calcium in the blood and in certain tissues. One, 
first suggested by Harris and Moore, postulates an increased absorption 
from the gut together with an increased retention. Smith and Elvove [1929] 
suggested diminished excretion of calcium, though they did not indicate 
whether this decreased elimination is by way of the gut or the kidney, or both. 
The second theory is that the source of hypercalcaemia and depositions is 
the calcium of the bone substance. This has been suggested by Hess, Weinstoek 
and Rivkin [1929-30], Baumgartner, King and Page [1929], Light, Miller 
and Frey [1929] and others. 

Hoyle and Buckland [1929] made a study of the urinary phosphorus in 
hypervitaminosis D, but did not estimate, the calcium. Light, Miller and Frey 
[1929] have given figures for calcium and phosphorus balances, but owing to 
the fact that no figures for food intake, urine or faeces were published it is 
not possible to judge what processes were at work to produce the results 
obtained by them. An investigation of the urinary calcium in some detail 
(as was done by Hoyle and Buckland for the phosphorus) followed by total 
balance experiments was therefore undertaken, and is described below. Just 
as the work was completed a paper by Brown and Shohl [1930] was pub¬ 
lished, in which they showed a definitely decreased retention of calcium after 
large doses of irradiated ergosterol, and a shift in the excreted calcium from 
the faeces to the urine. It was felt that independent confirmation of their 
results was probably worth publication, especially as some new points have 
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I. Urinary excretion in hyfervitaminosis D. 

Methods. 

Calcium. Sholil and Pedley’s [1922] method was used, with slight modifi¬ 
cations, As rats’ urine seems to have given trouble to other workers (see 
Hoyle and Buckland for a discussion of the difficulties) the final routine adopted 
is described in full Urine and washings from the receiving flask, approxi¬ 
mating to 100 cc., is treated with 10 cc. concentrated sulphuric acid and 4 g. 
ammonium persulphate, as described by Shohl and Pedley. As the urine is 
heated a large bulky precipitate separates. This precipitate also occurs, though 
to a lesser degree, in human urine, whereas there is no trace of it in rabbit 
urine. By continuing the heating for 2 or 3 hours (instead of 1 hour as re¬ 
commended by Shohl and Pedley), adding more ammonium persulphate from 
time to time whenever the urine begins to darken in colour, the precipitate 
becomes much reduced in amount, but does not entirely disappear. If the 
calcium is precipitated in its presence the final titration with permanganate 
gives results which are much too high. It must, therefore, be filtered off and 
washed twice with small quantities of hot hydrochloric acid, the washings 
being added to the treated urine. This washed precipitate when dissolved in 
a small quantity of alkali gives no reactions when tested for urates, calcium 
or inorganic phosphate. The precipitation of calcium can now be carried out 
as described in the original method. If small amounts of calcium are present, 
as in normal rats’ urine, it is advisable to allow 24 hours for complete pre¬ 
cipitation. 

Phosphorus. The filtrate and washings from the calcium precipitate w T ere 
made up to 250 cc. and used for the colorimetric estimation of phosphate, 
after further suitable dilution. The amount of oxalic acid present in the final 
dilution is too small to interfere with the colour development. TheBell-Doisv 
reagents [1920] were used instead of those of Briggs. 

Experimental. 

Eight rats, four males and four females, were kept in Hopkins’s meta¬ 
bolism cages, two rats in each cage. The urine from each cage was kept and 
analysed separately, three or four days’ output being mixed together. The 
weights of the animals were between 100 and 168 g. The diet was identical with 
that .used by Harris and Moore [1928]. Full synthetic diet was given for 
14 days before administration of the irradiated ergosterol, which was then 
fed at 0-1 % level. Urine was collected for 1 week only during the preliminary 
period. It was found essential that the animals should be kept in the meta¬ 
bolism cages for a few days before collecting urine, as, until they became 
accustomed to the change of cage, metabolism was apt to be appreciably 
disturbed. After 20 days of the irradiated ergosterol administration the 
animals were put back on to normal synthetic diet for the “curative” period. 
During the course of the experiment the females showed greater loss of weight 
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than the males; two of them died at the beginning of the “curative” period. 
Post-mortem examination revealed the usual lesions associated with hyper- 
vitaminosis D in an advanced form. Four of the rats had some diarrhoea 
during the intake of irradiated ergosterol; consequently one or two samples 
of urine had to be discarded as they were badly contaminated with faeces. 

The results of this experiment are given in Table I. 

Table I. Urinary excretion of calcium and phosphorus (mg. per rat per day). 


Group I Group II 

Females Males Females Males 


No. of 

r - 

-, 

( — 

-A.-^ 

No. of 

f - 

--- A - \ 

--^ 

-^ 

days 

Cfl 

P 

Ga 

P 

days 

Ca 

P 

Ca 

P 





Preliminary period. 





4 

1-3 

25-7 

0-8 

26-5 

4 

0*1 

21*8 

0*1 

26 7 

4 

03 

23-0 

0*7 

24-3 

3 

0*1 

30*0 

0*1 

28*9 





Irradiated ergosterol period. 





3 

5-9 

25*4 

5-0 

27*3 

4 

4*5 

17*2 

5*3 

18*5 

3 

5-3 

17*9 

7-9 

240 

4 

8*3 

24 *5 

8*9 

22*6 

4 

2 3 

15 1 

3-2 

10*5 

4 

9*9 

23*5 

10 1 

23 8 






4 

8*8 

23*7 

8*9 

28*3 






4 

8*1 

23*5 

8*4 

25-9 





“Curative’ 

* period. 





4 

— 

— 

2-3 

17*8 

3 

73 

22*4 

7*0 

19 1 

3 

— 

— 

12 

30*9 

3 

4 3 

20*4 

3*8 

24*2 

:j 

— 

— 

1*4 

28*2 

o 

2*2 

16*8 

2*0 

21*3 


Discussion. 

These two groups of rats agreed in showing the great increase in urinary 
calcium as a result of the massive doses of irradiated ergosterol; this was 
more marked in the second group. This group did not shovr the sudden 
decrease in the calcium excretion towards the end of the irradiated ergosterol 
intake. The calcium in the urine of both males and females of the second 
group showed a rise to a maximum occurring at about the tenth day, and 
then followed a slow and steady decline. The concentration of calcium rose 
steadily throughout the period of irradiated ergosterol administration in the 
case of the females, whereas in the case of the males the concentration was 
roughly parallel to the total daily amount of calcium excreted. There was a 
sharp drop in the calcium concentration about 3 days after the initiation of 
the “curative” period (Figs. 1 and 2). The diuresis found by Hoyle and 
Buckland [1929] was not shown by any of these rats. The worse physical 
condition of the animals in the first group may explain the drop in the urinary 
calcium towards the end of the irradiated ergosterol period; kidney function 
was probably failing rapidly, as the phosphate showed the same decline and 
the volume of urine passed was very small. There was no increase in phosphorus 
excretion produced by the hypervitaminosis. This is in agreement with Hoyle 
and Buckland. 

It is thus evident that decreased excretion of calcium by the kidney is 
not responsible for the hypercalcaemia or for the calcification of tissues. 
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200 


160 



Irradiated ergosterol -* 

Fig. 1. $ Baily excretion ol C&. 


II. Total balance experiments. 

Methods. 

The technique for the urine analyses was as described above. Calcium in 
the faeces was determined by a slight modification of McCrudden’s method 
[1910] rendered neoessary by the fact that there was sometimes insufficient 
faeces to admit of a separate phosphorus estimation. The following technique 
was therefore adopted in all cases to ensure uniformity. After ashing, the ash 
was dissolved in 3 cc. concentrated sulphuric acid, and heated with about 
10 drops of perhydrol 1 . This gave a clear solution, and converted any pyro¬ 
phosphate present as the result of the ashing process into*orthophosphate, 

1 This method of treating the ash was suggested to me by Mr E. G. Holmes, to whom my 
thanks are doe* 
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which could be estimated colorimetrically. The dissolved ash in the sulphuric 
acid was diluted to 100 cc. with distilled water, and the calcium estimated as 
described by McCrudden. The filtrate and washings from the calcium preci¬ 
pitate were made up to 250 cc. and the phosphorus determined as in the case 
of urine. 


120 



Days 4 8 12 16 20 24 28 

Irradiated ergosterol -*> 


Fig. 2 . £ Daily excretion of Ca. 

Experimental. 

Six albino male rats of approximately the same age were used. Each 
animal was kept in a separate metabolism cage, and faeces and urine were 
collected separately in 3 or 4 day lots. The daily amount of food fed was 
weighed, the dry weight of an equivalent amount determined, and any uneaten 
residues collected, dried and weighed. In this way the exact quantity eaten 
could be obtained by subtraction. Distilled water was given for drinking. 
The experiment as before was divided into three parts, (1) preliminary period, 
(2) irradiated ergosterol period and (3) “curative” period. The irradiated 
ergosterol was given at 0*05 % level, this avoids the complication of soft 
faeces or diarrhoea, yet is sufficient to cause loss of weight and pathological 
lesions. The weights of the animals (g.) are given below. 


No. of rat 

F5 

F6 

F7 

F8 

F21 

F22 

Beginning of irradiated ergosterol intake 

135 

139 

159 

155 

160 

157 

End of irradiated ergosterol intake 

116 

123 

141 

142 

144 

143 

End of u curative ” period 

144 

150 

107 

164 

155 

160 
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Table II. 


Ca intake Faecal Ca Urinary Ca Total Ca excretion Ca retention 

Periods Periods Periods Periods Periods 


No. of 

r J 

-A- 

- ^ 

( - 

— \ — 

In 

r 

--A- 

~ET 

t - 

-A- 

~m 

r 

-A- 

...... ^ 

rat 

I 

II 

III 

1 

II 

I 

II 

I 

II 

I 

11 

III 

F5 

24-2 

18-0 

301 

7*2 

6*9 

19*8 

1*5 

6*6 

4*9 

8*7 

13*5 

24*7 

15*5 

4*5 

5*4 

Ft) 

294 

25*9 

384 

3*8 

14 

6*2 

1*6 

9*4 

5*8 

54 

10*8 

12*0 

24*0 

15*1 

264 

F7 

334 

21*9 

364 

9*7 

6*5 

21*2 

2-3 

74 

33 

12*0 

13*9 

24*5 

214 

8*0 

11*9 

F8 

26-8 

26*7 

34*6 

8-1 

6*8 

114 

1*3 

5*9 

4*9 

94 

12*7 

16*3 

174 

14*0 

18*3 

F21 

28-6 

20*2 

35*2 

16*7 

10*1 

23*9 

0-1 

5-3 

3*6 

16*8 

154 

27*5 

11*8 

4*8 

7*7 

F22 

28-1 

18*9 

32*1 

16*9 

5*9 

19*9 

0*2 

64 

44 

17*1 

12*3 

24*3 

11*0 

6*6 

7*8 


Figures represent mg. per rat per day. 
Period I. Preliminary. 

„ II. Irradiated ergosierol intake. 
„ III. “Curative” period. 


Table III. 


P intake 
Periods 

■Mr. r \f ___A._ 

Faecal P 
Periods 

Urinary P 
Periods 

_A_ 

Total P excretion 
Periods 

P retention 

Periods 

. .. _ _ 





t - 





a 




/ - 



rat 

I 

II 

III 

I 

II 

III 

I 

II 

III 

I 

II 

III 

I 

II 

III 

F5 

49*3 

36*6 

64*7 

7*2 

7*1 

16*2 

39*8 

31 0 

36*6 

47*0 

38*1 

52*8 

2*3 

-14 

11-0 

F6 

59*6 

52*6 

78*0 

5*6 

3*8 

4*8 

360 

36*2 

39*7 

41*6 

40*0 

44*5 

18-0 

12*6 

33*5 

F7 

67*9 

44*7 

74*0 

10*4 

8*5 

184 

404 

35*2 

364 

50*8 

43*7 

54*8 

17*1 

1*0 

19*2 

F8 

54*4 

54*2 

70 1 

94 

8*9 

16*0 

29*2 

374 

40*7 

38*6 

46*3 

56*7 

15*8 

7*9 

134 

F21 

58*1 

41*0 

71*2 

11*0 

10-1 

23*6 

28*6 

38*2 

39*7 

39*6 

483 

63*3 

18*5 

-7*3 

7*9 

F22 

57*0 

37*7 

654 

124 

5*2 

19-2 

29*2 

28*1 

36*9 

41*6 

33*3 

56*1 

154 

44 

9*3 


Figures represent mg. per rat per day. 

Period I. Preliminary. 

„ II. Irradiated ergosterol intake. 

*„ III. “Curative” period. 

The intake, output, and retention of calcium and phosphorus arc given 
in Tables II and III. The following points are shown by an examination of 
the figures. (1) The urinary excretion was much the same as in the case of 
the rats receiving the higher dose of irradiated ergosterol. (2) The irradiated 
ergosterol period was characterised by a decrease (sometimes very marked) 
of the faecal calcium. Only two cases (F6, F22) showed a marked change in 
the phosphorus. (3) The urinary calcium did not return to normal in the 
“curative 55 period during the time of the experiment (9 days generally). 
Evidently the recovery from the effects of the hypervitaminosis is only gradual, 
as one would expect. (4) The faecal calcium in the recovery period tended 
to be very high—much higher than it was in the normal preliminary period, 
so that the total excretion of calcium was the highest of all in the “curative” 
period. The calcium intake was also highest in this period, yet even so, in 
two cases (F5, F7) the extra intake compared with that of the preliminary 
period was 6 and 8 mg. per day, respectively, while the extra output in the 
faeces was 12 and 11 mg. per day respectively. (5) The faecal phosphorus 
was definitely increased in the “curative” period in all cases except one (F6). 
(6) The balance of calcium was never negative when averaged for the whole 
period of irradiated ergosterol administration (see however later remarks 
on this point). In every case the balance was materially reduced by the 



Ca AND P METABOLISM IN HYPERVITAMINOSIS D 637 


hypervitaminosis, and in three cases was not restored to normal during the 
observed period of recovery. (7) The phosphorus balance was also considerably 
reduced by the irradiated ergosterol. 

It was not felt that the average balances for the whole of the irradiated 
ergosterol and “ctnative” periods respectively gave an adequate picture of 
what was taking place. These balances have therefore been further analysed 
in Tables IV and V. Only two 3-day collections of excreta were made from 
rats F5 and F7, as they were in such bad condition at the end of this short 
time that it was not advisable to push the experiment further. Rats F 6 and F 8 
were observed for only 6 days instead of 9 in the recovery period. In these 
tables also are given the so-called “percentages of absorption’' of the two 
elements. These have been calculated tentatively as follows: the faecal excre¬ 
tion was subtracted from the intake and the remainder counted as the amount 
absorbed, and expressed as a percentage of the intake. This is not strictly 
accurate, because the faecal calcium consists both of calcium which has 
never been absorbed and of some which has been absorbed and passed back 
into the gut. There is no way at present of distinguishing these two fractions, 
so that the above method of calculating the amount absorbed is the only one 
possible in the circumstances. 

Table IV. 

Retention of calcium (mg. Ca per rat per day) Calcium absorption (%) 


No. of 
rat 

F5 

I 


II 



III 


I 


11 



III 


15*5 

10*5 

- 3 5 

_ 

r * 

-1*7 

13 7 

10 

70 

70 

34 


33 

55 

i 

F6 

23 4 

21*7 

12*1 

13-8 

27*6 

24*6 

— 

87 

95 

94 

95 

95 

72 

— 

F7 

21 3 

17 3 

- 3*2 

_ 

3*7 

17*8 

123 

71 

86 

30 

— 

36 

49 

36 

F8 

17*4 

18*0 

Il-fi 

9*2 

22*7 

12*3 

— 

70 

80 

71 

68 

81 

45 

— 

F21 

11*8 

-8*2 

111 

5*8 

-0*5 

18*1 

5*7 

42 

9 

81 

70 

25 

49 

20 

F22 

6*5 

109 

8*4 

0*6 

13 1 

8*2 

2*4 

40 

66 

83 

57 

70 

50 

12 


Period I. Preliminary. 

,, 11. Irradiated ergosterol. 

„ III. Recovery. 


Table V. 

Retention of phosphorus (mg. P per rat per day) Phosphorus absorption (%) 


No. of 
rat 

F5 

I 


II 



III 


1 


II 



III 


2*3 

6*3 

-11*9 


11*9 

14 3 

104 

85 

85 

02 

*> 

81 80 

65 

F6 

18*0 

14*6 

7*9 

14*7 

29-4 

38*9 

— 

91 

94 

92 

93 

96 

92 

— 

F7 

17*1 

10*8 

-11*9 

— 

13*8 

23*1 

19*5 

85 

91 

60 

— 

78 

75 

73 

FS 

15*8 

12*9 

1*3 

7*8 

15*0 

11*3 

— 

83 

87 

80 

81 

80 

73 

— 

F21 

18*5 

- 6*7 

145 

2*9 

11*0 

12*0 

24 

81 

56 

IX) 

85 

66 

77 

57 

F22 

15*4 

10*1 

8*6 

-5*2 

19*6 

5*8 

2*4 

78 

87 

90 

80 

85 

66 

60 


Period I. Preliminary. 

„ II. Irradiated ergosterol. 
„ III. Recovery. 


It will be seen that the balance of calcium during the period of irradiated 
ergosterol intake may fall quickly, as in rats F5 and F7, or more steadily 
as in F8, or very abruptly after several days on the diet as in the case of F22. 
The rapidity and extent of the fall ran closely parallel to the physical con¬ 
dition of the animal. Two rats developed negative balances while taking the 
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irradiated ergosterol. In most cases the amount of calcium retained was 
rapidly increased as soon as the excess vitamin was removed from the diet, 
but it is surprising to find that this improved retention was not maintained, 
and in five of the rats the positive balance was actually lower than normal 
after a few days on the normal diet. The phosphorus retention in general 
tended to follow similar lines. 

The percentage of calcium apparently absorbed in the preliminary period 
wap in most cases already so high that no very marked results from the 
irradiated ergosterol could be expected. There is however some evidence of 
increased absorption in all cases but one (F5), and it is interesting to note that 
with rats F21 and F22, where the initial absorption was lower, there is very 
definite evidence of the action of irradiated ergosterol in this respect. But 
the increased absorption was not maintained, and in every instance in the 
recovery period there was ultimately a definitely reduced percentage of 
absorption. A similar mechanism occurs in the case of the phosphorus, espe¬ 
cially during the “curative” period. 

It has to be remembered that these rats were losing weight. In order to 
get some idea of what effect, if any, loss of weight per se has upon calcium and 
phosphorus metabolism two male rats were given full synthetic diet in gradually 
decreasing amounts. The loss of weight experienced was 26 and 23 g. respec¬ 
tively, but the animals remained in good condition. The calcium excretion 
by the kidney ceased entirely, but in spite of this the retention declined 
rapidly (Tables VI and VII). The urinary phosphorus also became reduced in 
amount, roughly 50 %, and the amount retained decreased, rat F24 actually 
having a negative balance for the last three days. The absorption of both 
calcium and phosphorus was apparently much reduced by the low food intake, 
but again it must be emphasised that this may not be real, but may only 
mean that the path of excretion has been diverted from kidney to gut. 

Table VI. Calcium balance on low food intake. 

Mg. Ca per rat per clay. 


No. of rat 

Intake 

Faeces 

Urine 

Total 

Retention 

% absorption 

F23 

47-6 

5-3 

0-9 

6-2 

41-4 

87 


26-5 

9-2 

0-9 

101 

16-4 

65 


17*3 

6-8 

Nil 

6-8 

10-5 

60 

£24 

60-8 

14-2 

1*1 

15*3 

35-5 

72 


26*5 

11-5 

0-9 

12-4 

14-1 

57 


17-3 

9-9 

Nil 

9-9 

7-4 

43 


Table VII. 

Phosphorus balance 

on low food intake . 




Mg. P per rat per day. 



No. of rat 

Intake 

Faeces 

Urine 

Total 

Retention 

% absorption 

F23 

96*7 

6-7 

57-5 

64-2 

32 5 

93 


53-0 

8-8 

38-3 

47-0 

6-9 

84 


35-2 

5-2 

20-7 

31-9 

3-3 

85 

F24 

103-3 

4-8 

56-4 

61-2 

42-1 

95 . 


53-9 

10-3 

41-7 

520 

1-0 

81 


35-2 

8-0 

20*3 

37-3 

-2-1 

77 
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Discussion. 

Brown and Shohl [1930] have adequately stated the difficulties and dangers 
attendant upon any attempt to determine from urinary and faecal examina¬ 
tions whether the absorption has been altered or not. The figures given above 
must be accepted with reserve. It would appear from them that large doses 
of irradiated ergosterol tend at first to increase absorption of calcium and 
later to decrease it. We are on surer ground when dealing with retention, 
and here there is no doubt that excessive doses of irradiated ergosterol, com¬ 
bined with the resultant low food intake and loss of weight, reduce this amount 
very gravely. Recovery from the deleterious effects is evidently slow, for 
nine days after restoration to normal diet the balances were still gravely 
disturbed. During this period the calcium deposits are disappearing from the 
body, and the fact that the urinary excretion is declining, whereas the faecal 
elimination is unusually high, points to the probability that much of this 
deposited calcium is being eliminated by the gut rather than by the kidney. 
Whatever the effect of irradiated ergosterol may be on absorption it is clear 
that the hypercalcaemia and calcification of various tissues is not due entirely, 
if at all, to increased absorption, since the amounts retained in the body are 
less than is normally the case. The source of this calcium must be looked for 
elsewhere, and unlikely as it appears a priori that the action of large doses 
of a substance which normally aids calcification of the bones should be 
in the reverse direction, yet it is difficult to see where the deposited calcium 
comes from if not from the bones. 

The phosphorus retention was greatly reduced as the result of the irra¬ 
diated ergosterol, if anything more so than was that of the calcium. Yet 
regarded as a whole there was less disturbance of phosphorus metabolism, 
for the urinary phosphorus was not increased, or at most very slightly, and 
there w r as in general a quicker settling down to normal in the ‘'curative” 
period. The reduced balance during the irradiated ergosterol period must 
not be attributed entirely to the effect of the hypervitaminosis, for loss of 
weight due solely to reduced food intake produces equally severe reduction 
in retention. 


Summary. 

1. Calcium and phosphorus retention in rats is decreased by excessive 
doses of irradiated ergosterol. 

2. The urinary calcium is greatly increased, but not the phosphorus. 

3. The faecal content of both calcium and phosphorus decreases, but not 
always in proportion to the intake; either the absorption is diminished in 
these cases, or increased amounts of absorbed material are being excreted 
by the gut, 

4. Even graver disturbances in retention and absorption occur during 
the recovery period. 



640 


E. WATCHORN 


5. The low food intake and loss of weight characteristic of the hyper- 
vitaminosis probably contribute to some of these results. 

6. The deposits of calcium found in certain tissues as the result of large 
doses of irradiated ergosterol cannot be accounted for on the grounds of 
increased absorption and retention. 

The writer wishes to thank Dr L. J. Harris for suggesting this work and 
for his interest in it. 
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Introduction. 

It is common knowledge that timber does not in general find its way into 
commercial usage until it has attained a moisture content approaching that 
which will be in equilibrium with the moisture of the atmosphere in which it 
will be used after conversion. In view of the high moisture content of freshly 
felled timber, the progress of drying under natural conditions must necessarily 
take considerable time, but despite this fact, and the economic issues which 
it involves, the question often arises as to whether air-drying of timber is to 
be preferred to the methods of kiln-drying which are now finding widespread 
application in the timber-using industry. In view of the belief existing in 
some quarters that certain beneficial chemical changes are associated with 
air-drying, prejudice has arisen from time to time against the practice of 
drying timber in kilns. 

So far as it is known, no detailed chemical investigation of the effects of 
the drying of wood at moderate temperatures has hitherto been carried out, 
although throughout the literature of wood chemistry many references are 
to be found regarding the effect of high temperatures. It is pointed out by 
Hawley and Wise [1926, p. 197] that even at temperatures far below the 
destructive distillation point (approximately 280°) decomposition is indicated 
by the formation of small traces of acetic acid and methanol, probably as a 
result of hydrolysis. Under the conditions obtaining in a well regulated kiln- 
drying treatment of timber, however, there has been some doubt as to whether 
chemical changes of even a minor character are to be expected, in view of the 
fact that Hawley [1925] has stated that no chemical difference can be de¬ 
tected between the results of natural air-seasoning and artificial kiln-seasoning. 

Since the value of wood as a structural material is dependent largely, if 
not entirely, on the nature of its skeletal substance, the composition of which 
varies but little from species to species, and since only such physical properties 
as colour, odour, taste, etc., are traceable to extractives, any chemical in¬ 
vestigation on the effect of drying must in the first instance be confined to 
the effects produced on the major constituents of wood substance. The 
presence in wood, however, of substances characterised as extractives which 
may play a part in the seasoning process by acting on the major constituents 
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in some must not be overlooked. It is for this reason, for example, that 
woods containing extractives of a notably acidic nature may react differently 
when dried under different conditions of temperature, as a certain amount of 
hydrolysis may be possible when high temperatures are employed. The wood 
of oak is known to contain small percentages of weak acids such as tannic 
acid, and it is conceivable that although small acid concentrations might 
only have a negligible effect on the major constituents of wood during air¬ 
drying, they might, none the less, have some effect when wood is dried at 
relatively high temperatures. As the amount of extractives in oak heartwood 
is invariably greater than that in the sap wood, it is conceivable that these 
might react differently to the same drying conditions. In the light of previous 
work [Hawley and Campbell, 1927] any increase in the alkali-solubility of 
wood after drying at relatively high temperatures would be indicative of 
chemical change of a hydrolytic nature. At the same time, however, there 
may be other chemical changes attendant on the drying of wood, which 
hitherto have escaped observation. 

The present investigation has been undertaken therefore with a view to 
determining de novo whether any chemical changes accompany the drying 
of timber, and if so, whether any relationship exists between the changes 
attendant upon air-drying on the one hand, and artificial drying on the other. 

The wood used was cut from coppice shoots of English oak of approxi¬ 
mately 40 years’ growth. After separation of the heartwood and sap wood, 
the material was quickly converted to sawdust and finally ground to pass an 
80-mesh and be retained by a 100-mesh screen, the grinding parts of the mill 
being of acid-resistant steel. The analytical methods used were those re¬ 
commended by Schorger [1926, p. 505] and Hawley and Wise [1926, p. 123] 
and the results throughout are expressed as percentages of the oven-dry 
weight of the original wood. 

Experimental. 

During conversion to sawdust the wood used in this investigation had 
undoubtedly dried to a considerable extent, but the 80-100 mesh sapwood 
and heartwood still retained 25*4 % and 27*2 % of moisture respectively. 
Moisture contents were determined both by the standard oven-drying method 
and the xylene method of Schwalbe [Schorger, 1926, pp. 505-506] with 
closely comparable results. These materials were analysed as soon as possible 
following conversion (Table I). 


Table I. Analysis of original wood . 



Sapwood 

Heartwood 

Cold water-soluble 

1 76 

4*63 

Hot water-soluble 

410 

9*79 

Cellulose 

50*46 

53*01 

lignin 

1998 

20*94 

Methoxyl 

030 

0*92 

Total pentosans 

24*75 

24*88 

Pentosans not in cellulose 

11 23 

11*07 

Pentosans in cellulose 

13*52 

13*81 
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Samples of both sapwood and heartwood were then extracted with 1 % 
NaOH solution, under the conditions laid down by Schorger [1926, p. 506] 
for the standard alkali-solubility determination of wood, and, after removal 
of the alkali by thorough washing with hot water, the residues were dried at 
105° and analysed (Table II). 

Table II. Analysis of original wood after extraction with NaOH. 



Sapwood 

Heartwood 

Loss on alkali extraction 

190 

22-92 

Cellulose 

50-96 

53-87 

Lignin 

18 55 

18-42 

Methoxyl 

Total pentosans 

4-70 

4 23 

19-07 

1927 

Pentosans not in cellulose 

2-91 

2-79 

Pentosans in cellulose 

16 76 

16-48 


The drying experiments were carried out as follows. 

(i) Air-drying. Weighed samples of both sapwood and heartwood were 
placed in jars, covered with fine linen to prevent access to dust, and left in 
the laboratory with occasional mixing to dry for a period of 126 days. At 
the end of this time the moisture content of the sapwood had fallen to 13-0% 
and that of the heartwood to 12*8 %. 

No loss in dry weight due to air-drying was observed. 

(ii) Kiln-drying. Weighed samples of sapwood and heartwood were sub¬ 
jected to a kiln-drying treatment as follows. The wood flour was in each case 
spread on a glass dish in a layer 1 inch deep and the following kiln-seasoning 
schedule, which was considered suitable for 1 inch oak boards, was applied. 


Schedule employed in the kiln-seasoning of 80-100 mesh oak. 


Temperature 
° F. 

Humidity 

Duration of 
treatment 

Total time 

Assumed 

moisture 

content 

o 

/o 

(days) 

(days) 

O' 

o 

115 

75 

2 

2 

30 

120 

65 

4 

6 

25 

125 

55 

5 

11 

20 

130 

45 

5 

16 

15-10 


The rate of initial warming of the sawdust was 9° F. per hour at a constant 
humidity of 75 %. 

As a result of this treatment the moisture content of both the sapwood 
and heartwood fell to 7*5 %. Further, a loss of 0-2 % and 0-33 % of the dry 
weight of the original wood was observed in sapwood and heartwood respec¬ 
tively, and a decided darkening in colour was noted in each case. 

(iii) Oven-drying. Weighed samples of sapwood and heartwood were placed 
in weighing bottles in a drying oven, and maintained at 105° for 200 hours. 
Pronounced darkening in colour took place in both sapwood and heartwood 
and the respective losses in weight of wood substance were 0*41 % and 1*12 %. 

Analyses were now carried out on each of the residues remaining after 
the several drying treatments (Table III). Further, each residue was analysed 

41—2 
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after alkali extraction under the same conditions as the extractions applied 
to the original wood (Table IV). 

Table III. Analysis of 80-100 mesh English oak wood after 


kiln - and oven-drying . 


Samples 

Dura¬ 
tion of 
treat¬ 
ment 
(days) 

Loss 
due to 
treat¬ 
ment 

Cold 

water- 

sol. 

Hot 

water- 

sol. 

Cellu¬ 

lose 

Lignin 

Meth¬ 

oxyl 

Total 
pen to- 
s&nB 

Pento¬ 
sans 
not in 
cellu¬ 
lose 

Pento¬ 

sans 

in 

cellu¬ 

lose 

Air- 

Sap 

126 

Nil 

1-52 

3*59 

57-57 

21-22 

7-06 

23*76 

8-90 

14-86 

dried 

Heart 

Nil 

4-95 

9-05 

54-26 

22-03 

7-91 

23-42 

8*82 

14*60 

Kiln- 

Sap 

16 

0*20 

1-81 

3-66 

57-27 

21-98 

5-81 

23-74 

944 

14-31 

dried 

Heart 

0-33 

4-37 

9-17 

52-53 

22-47 

5-49 

23-11 

8-89 

14*22 

Oven- 

Sap 

n 

0-41 

223 

4-11 

55-47 

21*70 

5-50 

23-61 

11-53 

12-08 

dried 

Heart 

U 

0-12 

394 

9-84 

52-00 

23-60 

4*76 

23-78 

11-62 

12-17 


Table IV. Analysis of air-, kiln- and oven-dried wood after 
alkali extraction. 


Loss Pentosans Pentosans 

due to Total not in in 


Samples 

treatment 

Cellulose 

Lignin 

Methoxyl 

pentosans 

cellulose 

cellulose 

Air- Sap 

18-78 

57*09 

1833 

4-79 

20-15 

443 

15*72 

dried Heart 

23-41 

53-70 

17-95 

4-38 

19-73 

4*79 

14*94 

Kiln- Sap 

18-88 

56-32 

19-48 

4-74 

19-36 

373 

1563 

dried Heart 

24*62 

51-94 

18-51 

4 10 

18-62 

3*04 

15-58 

Oven- Sap 

19*41 

54-52 

17-62 

4-35 

18*94 

3*82 

15-12 

dried Heart 

28*93 

49-30 

19-60 

4-10 

16*52 

342 

13*10 


The effect of mild hydrolysis on the original wood. 

A sample of the original heartwood was subjected to a hydrolytic treat¬ 
ment as follows. 100 g. of the material was incorporated with 2 litres of 1 % 
aqueous hydrochloric acid and maintained at 100° for 6 hours. After removal 
of the acid, thorough washing with hot water and drying at 105°, the residue 
was analysed (Table V). 

Table V. Analysis of 80-100 mesh English oak wood (heart) after hydrolysis 
with 1 °j 0 H Cl for 6 hours at 100°. 


Loss on hydrolysis. 33*43 

Gellulose . 42-44 

Lignin . 18-98 

Methoxyl ... .. 4-06 

Total pentosans ... . ... ... 7-28 

Pentosans not in cellulose 2-47 

Pentosans in cellulose . 4-81 


Discussion. 

Comparison of Tables I and III shows that, irrespective of the method of 
drying, the percentage amount of water-soluble material in the wood under 
investigation does not vary except within the limits of experimental error. 
Changes during drying, however, are apparent in the cellulose, lignin and 
pentosans. 
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So far as the cellulose is concerned this constituent exhibits a slight 
increase in amount in the passage from the green to the air-dried condition 
in both sapwood and heartwood. A similar though not quite so pronounced 
increase is noted in the cellulose content of kiln-dried sapwood, while the 
cellulose content of kiln-dried heartwood is slightly lower than that of the 
original wood. In the case of the oven-dried material depreciation of the 
cellulose content is observed to take place in both sapwood and heartwood. 
These slight variations in cellulose content are further seen to be accompanied 
by concomitant variations in the percentage amounts of furfuraldehyde- 
yielding complexes in the wood, for, while the total pentosan content exhibits 
a constant decrease in amount as a result of all three drying processes, the 
pentosan content of the cellulose increases on air- and kiln-drying, and de¬ 
creases on oven-drving. The variations in the pentosan content of the cellulose 
agree very closely with the variations in the cellulose content itself, except 
in the case of oven-drying where the loss of pentosans in the cellulose is 
greater than that of the cellulose, and in kiln-dried heartwood where a slight 
increase in the pentosan content of the cellulose is accompanied by a decrease 
in cellulose content. Coupled with the fact that only slight losses in weight 
have been observed as a result of kiln- and oven-drying, the depreciations of 
cellulose and of pentosans in the cellulose indicate that kiln-dried heartwood 
and oven-dried heartwood and sapwood have undergone a certain amount of 
incipient hydrolysis, decomposition being most pronounced in oven-dried 
heartwood. 

From the analytical data it is impossible to deduce to the fullest extent 
the true nature of the changes which take place in the furfuraldehvde- 
yielding complexes during drying. It is none the less evident, however, that 
definite changes take place in that portion of such bodies which in green wood 
is not associated with the cellulose, since, whether an increase or decrease in 
the pentosan content of the cellulose be observed, depreciation of the total 
pentosan content is a consistent result of drying by all three processes. The 
results therefore indicate that, of that portion of the furfuraldehyde-yielding 
complexes which is not associated with the cellulose in the original wood, 
part becomes associated with the cellulose during drying, and remains asso¬ 
ciated with it provided the drying conditions are not too severe, and part is 
transformed into something which ceases to yield furfuraldehyde on distilla¬ 
tion with 12 % hydrochloric acid. It is probable that this latter portion 
becomes associated with lignin during drying, as this constituent exhibits a 
consistent increase in amount as a result of all three drying processes studied. 
Thus the question of the relationship between the lignin and pentosans of 
wood is again revived. From the conflicting experimental evidence available 
on this subject up till 1926, Hawley and Wise [1926, pp. 70-71] are unable to 
draw definite conclusions, but Jonas [1928] has recently discussed numerous 
theories of lignin constitution, and arrives at the conclusion that lignin is a 
condensed furfuran product containing the stable tetrahydrofurfuran ring. 



646 


W. G. CAMPBELL AND J. BOOTH 


Further light on the nature of the chemical changes attendant on the 
drying of wood is obtained only by a comparative study of the effect of alkali 
on green and dried woods respectively. Comparison of Tables I and II shows 
the effect of 1 % sodium hydroxide at 100° on the original green wood. 

It can be seen that the pentosans and lignin are the components most 
susceptible to alkali attack, but the outstanding fact is that cellulose appears 
to be but little affected by alkali until it is observed that the pentosan content 
of the cellulose in alkali-extracted wood is higher than that of the cellulose 
isolated from the original wood. The explanation of this fact is not yet 
apparent, but from the results of research at present in progress it would 
appear that an increase in the pentosan content of the cellulose after alkali- 
extraction is characteristic of hardwoods. 

Comparison of Tables II and IV shows that the total respective alkali- 
solubilities of green and air-dried wood are approximately the same, but 
closer examination of the data reveals that, while the alkali-solubility of the 
pentosans not in the cellulose is much less in air-dried wood than it is in the 
original wood, an increase in the alkali-solubility of lignin is noted as a result 
of drying. This points to the conclusion that the increase in the alkali- 
solubility of the lignin is attributable not so much to any effect of drying on 
the lignin nucleus as to the original susceptibility to attack by alkali of those 
bodies derived from the furfuraldehyde-yielding complexes which have become 
associated with it during drying. This is further borne out by the analytical 
data, which show that after air-drying the increase in alkali-solubility of the 
lignin is approximately equal to the increase in the percentage of that con¬ 
stituent which results from the drying treatment. 

As a result of kiln-drying, the pentosans not in the cellulose are slightly 
more susceptible to alkali attack than the corresponding components of air- 
dried wood. In this case also it seems probable that the increased alkali- 
solubility of lignin is accounted for by the additions made to it during drying. 

So far as oven-drying is concerned, the low cellulose yields recorded, 
coupled with the depreciation of the pentosan content of the cellulose, suggest 
that the severity of the treatment has induced a certain amount of hydrolysis. 
This is borne out by the data in Tables II and IV, which indicate that the 
pentosans in oven-dried wood are more susceptible to attack by alkali than 
the corresponding components in kiln- and air-dried wood. In conjunction 
with the fact that the cellulose in oven-dried sapwood is more resistant to 
alkali than the corresponding components in oven-dried heartwood, the ex¬ 
perimental evidence favours the conclusion that prolonged heating of green 
wood at 105° has the effect of inducing hydrolysis, the results of which are 
more marked in heartwood than in sapwood. 

The ease with which green oak heartwood can be hydrolysed is demon* 
strated by the data in Table V. Comparison of these with the data in Table I 
shows that the pentosans are by far the most susceptible to hydrolysis of all 
the principal wood components. 
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Conclusions. 

From the foregoing considerations it is to be concluded that the drying of 
oak timber is associated with definite chemical changes in the furfuraldehyde- 
yielding complexes of the wood substance, which are responsible in their 
turn for alterations in the cellulose and lignin aggregates, as determined by 
standard analytical methods. In this respect close agreement has been proved 
between the nature of the chemical changes attendant on the processes of 
air- and kiln-drying, although the analytical data suggest that kiln-drying 
may induce very slight decomposition in heartwood. The effects of drying 
by continuous heating of wood at 105° for 200 hours are marked bv a certain 
amount of decomposition which has been shown to be of a hydrolytic nature. 
It must further be concluded that the greater amount of hydrolysis noted in 
the heartwood is due to its higher content of extractives of an acidic nature. 
In this connection it is probable that the reason why it is found in practice 
that softwoods are much easier to dry at elevated temperatures than hard¬ 
woods, is that softwoods invariably contain less pentosans than hardwoods. 
The susceptibility of the pentosans of wood to hydrolysis has been amply 
demonstrated in previous work, but having regard to the evidence cited above 
it is conceivable that conditions which would be severe enough to cause 
marked depletion in the pentosans of a hardwood—with possible influence 
on the other major constituents, and probably the physical properties of the 
wood as a whole—might produce no marked detectable difference on a soft¬ 
wood, solely on account of the low pentosan content of the latter. While it 
is admitted that the effects of drying on the wood flour used in this investi¬ 
gation cannot implicitly be claimed for wood in its natural form, owing to 
purely structural considerations, the results show that in so far as its effect 
on wood substance is concerned, a well-regulated and suitable kiln-drying 
treatment should have no detectable deleterious effect. It is indicated, how¬ 
ever, that if the conditions obtaining in the interior of a piece of wood in the 
process of kiln-drying should by any chance become so drastic as to approach 
the conditions obtaining in an oven-drying treatment, deleterious effects might 
reasonably ensue. This is all the more probable for the reason that if volatile 
acids cause the hydrolysis, their action would be of a more serious nature 
than that detected in the present investigation, in view of the fact that they 
could not volatilise so readily from the interior of a piece of wood as they 
could from the more discrete particles of a wood flour. 

Summary. 

1. The effects of air-, kiln- and oven-drying on both sapwood and heart- 
wood of English oak have been examined in detail. 

2. It is shown that air- and kiln-drying of wood are associated with 
chemical changes in the furfuraldehyde-yielding complexes of wood substance, 
to the extent that total pentosans are depreciated while the pentosan content 
of the cellulose is enhanced, and an increase in lignin is noted. 
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3. Oven-drying of wood is shown to result in an increase of lignin and a 
slight amount of hydrolysis of the carbohydrate components, which is more 
marked in the heartwood. 

4. Reasons are given for concluding that well-regulated kiln-drying treat¬ 
ment of timber is strictly comparable in effect to ordinary air-drying. On 
the other hand, it is shown that if conditions in a kiln should become so 
drastic as to approach those obtaining in an oven-drying treatment, decom¬ 
position of the wood substance would be imminent. 

5. It is suggested that the reason why softwoods can be kiln-dried with 
greater ease than hardwoods, is to be found in the fact that these invariably 
contain less pentosans than hardwoods, so that drying conditions "which 
might be severe enough to hydrolyse the pentosans of wood would always 
affect hardwoods more than softwoods. 

The authors desire to express their indebtedness to Mr R. A. G. Knight 
of the Seasoning Section, Forest Products Research Laboratory, for carrying 
out the kiln-drying treatments, to Professor F. Soddy for facilities afforded 
in the Old Chemistry Department, Oxford University, to Sir James Irvine 
for criticising the manuscript, and to R. S. Pearson, Esq., for permission to 
publish these results. 
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Introduction. 

Many workers have shown that pectin exists normally as the methyl ester 
of the tetrabasic pectic acid. Tiie carboxyl groups may be, and in fact are 
usually, only partially esterified. The first stage in hydrolysis is the process 
of de-esterification which involves no change in the six-raembered ring. This 
may be brought about in the cold by alkali as dilute as JV/20 or by warming 
in weak acid solution. Heating with stronger acid or alkali results in the 
destruction of a portion or all of the pectin. In other words, there is a rupture 
of the pectic ring. A knowledge of this process may be of value in three 
directions. In the first place, it is of importance to know the degree of stability 
of the pectin molecule and the critical concentrations of various reagents 
above which the ring is attacked. Such conditions can then be avoided in 
the preparation and handling of pectic substances. In the second place, 
information on the rate and route of hydrolysis may throw some light on the 
arrangement of the units and nature of the linkages in the ring, about which 
so little is as yet known. Nanji, Paton and Ling [1925] suggest that the 
linkages are “other than 1 : 6.” While it is certain that group 6 does not 
participate, since the carboxyl groups of the galacturonic acid units are free, 
it is equally certain that group 1 is involved for pectin is a non-reducing body. 
The amylene oxide ring theory fdr sugars would suggest a 1 : 4 linkage, but 
this has yet to be proved. Further, it must not even be assumed that the 
linkage between each unit is of necessity of the same type. If suitable methods 
of attack could be devised, any difference in type or strength of linkage would 
become evident from the rate of hydrolysis and nature of the products formed. 
In the third place, a full knowledge of the degradation products given on 
hydrolysis might throw much light on the down-grade processes in the meta¬ 
bolism of the pectic substances. There is no definite information as to the 
nature of the intermediate and ultimate degradation products of pectin in the 
plant, the metabolic picture being thus incomplete. Pectin is not a final 
stable substance, as is cellulose or lignin, but more labile, since it disappears 
during the process of lignification. 
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O'Dwyer [1926] found that in unlignified tissues containing pectin the 
hemicellulose content is low, but in lignified tissues it is considerably higher 
and pectin is absent or practically so. She suggested [1928], therefore, that 
a stage in the process of lignification is the conversion of pectin to hemi¬ 
cellulose. Candlin and Schryver [1928] grouped both these substances as 
“polyuronides,” and investigated the production of hemicellulose-like bodies 
by the alkaline hydrolysis of pectin. They claim that the conversion is a 
process of decarboxylation of the uronic acid groups brought about by the 
action of the alkali. They quote figures for the percentage loss of uronic 
anhydride content of pectin treated with various concentrations of alkali 
under different conditions, and hold the loss of uronic acid to be an index of 
decomposition. However, the extent of decarboxylation of the uronic acids 
could only be regarded as any measure of the degree of hydrolysis of the 
pectin, if the uronic acid groups were the most sensitive in the molecule and 
were instantaneously destroyed by the alkali as the ring was ruptured. This 
did not seem to be in agreement with the known properties of these acids and 
accordingly in the work to be described the degree of hydrolysis was deter¬ 
mined by the only valid method possible, namely by the yield of calcium 
pectate. For comparison, the loss of uronic acid anhydride was also estimated 
as in Candlin and Schryver’s work. Since it was hoped at the same time to 
obtain information as to the relative sensitivities of the various units to 
alkaline treatment, and the route of the degradation, the furfuraldehyde yield 
of the hydrolysis liquid was also determined. 

Methods. 

The methods employed were as follows. 

(A) Calcium pectate yield; Nanji and Norman’s [1928] modification of 
the Carre and Haynes [1922] method. 

(B) Total furfuraldehyde, yield ; distillation with 12 % HCl, and pre¬ 
cipitation of the furfuraldehyde as the phloroglucide, which is subsequently 
extracted with hot alcohol to remove impurities. 

(C) Total carbon dioxide yield ; Nanji, Raton and Ling’s [1925] modifica¬ 
tion of the Lef&vre and Tollens [1907] method for uronic acids. 

The pectin which was used throughout this work w r as a commercial sample 
prepared from Citrus fruits by the method of Wilson [1925]. 

.The analytical figures obtained for this pectin calculated on 1 g. calcium 
pectate ’were: 

furfuraldehyde yield (B). 17*72 % 

carbon dioxide yield (C) . 18*29 % 

uronic anhydride content ... ... ... 73*16% 

It is seen that these figures do not precisely correspond with the theoretical. 
Calcium pectate should contain 69*7 % galacturonic acid anhydride, and yield 
approximately 19*5 % furfuraldehyde. However, commercial preparations* 
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and, indeed, most general preparations show a divergence from these figures. 
The difference is accounted for in this case by a content of anhydroarabinose 
rather below theoretical, i.e . 10*33 % instead of 14*25 %, and of galacturonic 
acid rather higher. It is not proposed to discuss this discrepancy here except 
to note that the Citrus-pectin employed by Candlin and Schryver in their 
work gave figures differing even more widely from the theoretical. Its content 
of uronic acid was 88*6% and total furfuraldehyde yield 23*1%. Their 
figures are not, however, calculated on calcium pectate obtained but on the 
crude preparation. 

Calculation of results. 

Knowing the composition of the original pectin solution, it was possible 
from the determinations mentioned above to calculate the pentose and uronic 
acid content of any degradation product present in the hydrolysis liquid. The 
calculations involved are given below. 

(D) Furfuraldehyde due to 'pectin , A x 

73* 16 

(E) Uronic acids in pectin , A x ' . 

(F) Non-pectin uronic acid , 4C-E. 

(G) Furfuraldehyde due to non-pectin uronic acid , F x • 

(H) Furfuraldehyde due to pentose not in pectin (B-D)--G. 

Whereas the calcium pectate yield (A) will be the true measure of degree 
of hydrolysis of the pectin, the non-pectin uronic acid (F) and furfuraldehyde 
due to pentose groups not in pectin (H) will show the resistance or otherwise 
of the uronic and pentose groups to the hydrolysing agent. If either is very 
low or nil it will indicate that that constituent is destroyed as rapidly as it 
is liberated from the pectin and is, in all probability, the point at which the 
pectin ring is susceptible to attack. 

Experimental. 

Alkaline hydrolysis . 

The work of Candlin and Schryver [1928] indicates that considerable 
decarboxylation of pectin is effected by boiling with alkali of concentration 
N{ 8. They record 33 % decarboxylation in 30 minutes and 80 % decarboxyla¬ 
tion in 4 hours. This strength of alkali was therefore employed in the first 
experiments. The various hydrolyses were carried out independently for ease 
and rapidity of operation. 

50 cc. of a 0*4 % solution of Citrus-pectin were taken in a 250 cc. round- 
bottomed flask, and to it were added 5 cc. N/10 sodium hydroxide, which was 
the quantity necessary to convert the pectin to sodium pectate. The solution 
Was brought to the boiling point and 20 cc. of 1*88 % NaOH were added. This 
brought the volume to 75 cc. and the final concentration of alkali to 0*5 %. 
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The liquid was boiled under a reflux for the requisite time, rapidly cooled, and 
exactly neutralised with N HC1. In certain cases in which the hydrolysis 
was nearly complete double quantities had to be taken. 

For the furfuraldehyde estimation and uronic acid determination the acid 
concentration was brought up to 12*5 % by the addition of 42 cc. concen¬ 
trated HC1. In the former case the distillation was then carried out in the 
usual way, while in the latter a stream of C0 2 -free air was passed through 
the cold solution for half an hour to remove any carbon dioxide in solution. 

Table I. Alkaline hydrolysis of pectin. 

Expressed on 1 g. calcium pectate. 




Ix>88 Of 


Loss of 




Calcium 

calcium 

Total 

furfurald. 


Loss of 


pectate 

pectate 

furfurald. 

yield 

CO* 

CO a yield 

Time 

yield 

o 

/o 

yield 

‘ o 
/o 

yield 

0/ 

. o 



Hydrolysed with 0*5 % 

NaOH. 



Blank 

10 

— 

0*177 

— 

0*183 

— 

5 min. 

0*650 

450 

0*118 

33*2 

0*124 

32*5 

10 M 

0-256 

74*4 

0*052 

70*8 

0*098 

46*7 

20 „ 

0-184 

81*0 

0*051 

71*1 

0081 

55*7 

30 „ 

1 hour 

0*122 

87*8 

0*043 

75*9 

0073 

60-1 

0-057 

94*3 

0*038 

78-9 

0*061 

66*9 

3 hours 

0-054 

94*6 

0-030 

83*0 

0*052 

71 4 



Hydrolysed with 0*2 % 

NaOH, 



Blank 

10 

_ 

0-177 

— 

0*183 

— 

10 min. 

0305 

69*5 

0*103 

41*8 

0*142 

22*2 

20 „ 

0235 

76*5 

0-089 

49*4 

0*136 

25*9 

30 „ 

0*207 

79*3 

0*069 

60*9 

0*132 

28*1 

1 hour 

0*202 

79*8 

0*059 

66-7 

0*113 

37*9 

3 hours 

0*156 

84*4 

0-057 

68-0 

0 064 

65*2 


Since hydrolysis with 0*5 % alkali appeared to be very rapid and extensive 
a similar series was carried out with 0*2 % NaOH. The results obtained in 
both series are quoted in Table I. 

All the figures are the means of two or more closely agreeing determina¬ 
tions. 

It was clear from the above figures that the hydrolysis of pectin or, rather, 
the rupture of the pectin ring is more rapid than the destruction of furfur- 
aldehyde-yielding groups and than apparent decarboxylation, and does not 
seem to be conditioned by either of these. It is necessary to deduce the 
liberation of carbohydrate units either free or in simple combination in the 
hydrolysis liquid. Accordingly it was of importance to determine the be¬ 
haviour of sugars in the presence of alkalis under similar conditions. The sugars 
tested were those present in pectin, namely, arabinose and galactose. In 
addition, lactose was similarly treated since it contains galactose in a combined 
form with glucose, the last mentioned being also treated independently, 
0*2 g. of sugar in 25 cc. was boiled with 5 cc. of alkali of the necessary strength 
to give a 0*5 % or 0*2 % solution. The solution was exactly neutralised and 
the reducing power measured by the iodi metric method [Baker and Hulton, 
1920]. The results are expressed as percentage loss of reducing power as 
measured by iodine absorption (Table II). 
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Table II. Treatment of sugars with alkali. 


Cone, of Percentage loss of reducing power 


Sugar 

NaOH 

o/ 

/o 

2 min. 

4 min. 

-A. 

10 min. 

20 min. 

30 min. 

1 hour 

Arabinoso 

o*r> 

44*5 

49*7 

51-8 

— 

52*8 

— 


0 2 

38*2 

435 

49*7 

— 

539 

— 

Galactose 

0-5 

41*0 

41*9 

45*0 

— 

52-8 

— 

»» 

0*2 

27*5 

32*0 

40*5 

— 

46*1 

— 

Glucose 

0*5 

31*7 

343 

40*4 

— 

44*5 

— 

Lactose 

02 

4-62*4 

+ 37 3 

4 21*4 

4-13*9 

4- 9 *1 

+ 7*2 


Very rapid destruction of the sugars therefore takes place in the first few 
minutes of treatment with dilute alkali, and the reducing power observed at 
10 minutes, which thereafter remains practically constant, was thought to 
be due not to sugars but to iodine absorption by the degradation products 
formed. That tins is so was shown by treating the above sugars with 0-2 % 
alkali for 10 minutes, cooling and neutralising with acetic acid. Phenvl- 
hydrazine was then added under the usual conditions for preparation of an 
osazone, but none was obtained in the cases of the monosaccharides tested or 
even in the case of lactose. 

It seemed therefore that units with free aldehydic groups would be 
destroyed within a few minutes of liberation, and that any uronic acid and 
pentose split off from pectin by rupture of the ring and found in the hydrolysis 
liquid must be linked with the aldehydic group shielded. In order that the 
quantity of such degradation products might be determined the methods of 
calculation previously described were applied to the figures quoted in Table I, 
and are given in Table III. 

Table IIL Alkaline hydrolysis of pectin. 

Expressed on 1 g. calcium pectate. 

Furfurald. 

Apparent from 






Apparent 


non- 

non- 



Calcium 

Furfurald. 

Non¬ 

total 

Pectin 

pcetin 

peetin 



pectate 

due to 

pectin 

uronic 

uronic 

uronic 

uronic 



yield 

pectin 

furfurald. 

content 

content 

content 

acid 


Time 

(A) 

<*>) 

(B-D) 

(4 C) 

(K) 

(F) 

(G) 

<H) 



Hydrolysed with 0*5 % 

NaOH. 




Blank 

1*0 

0*177 

— 

— 

0*732 

— 

— 

— 

5 min. 

0550 

0*098 

0*020 

0 494 

0*402 

0*092 

0*015 

0*005 

10 „ 

0*256 

0*045 

0*007 

0*390 

0*187 

0*203 

0*034 

-0*027 

20 „ 

0 184 

0*033 

0*018 

0324 

0*134 

0*190 

0*032 

-0*014 

30 „ 

0*122 

0*222 

0 021 

0*292 

0*089 

0*203 

0*034 

-0-013 

) hour 

0057 

0*010 

0*028 

0*242 

0*041 

0*201 

0*033 

-0*005 

3 hours 

0*054 

0*009 

0*021 

0*210 

0 039 

0*171 

0*028 

-0*007 



Hydrolysed with 0*2 % 

NaOH. 




Blank 

1*0 

0*177 

— 

— 

0*732 

— 

— 

— 

10 min. 

0*305 

0*054 

0*049 

0*569 

0-223 

0*346 

0*058 

- 0*009 

20 „ 

0*235 

0*042 

0*048 

0*542 

0*172 

0*370 

0*062 

- 0*014 

30 „ 

0*207 

0*037 

0*032 

0 526 

0*151 

0*375 

0*062 

- 0*030 

1 hour 

0202 

0*036 

0*023 

0*452 

0*148 

0*304 

0*051 

-0*028 

3 hours 

0*156 

0*028 

0*029 

0*254 

0*114 

0*140 

0*023 

0*006 


This method of calculation, though based on justifiable theoretical know¬ 
ledge, when applied to the figures in question showed certain marked dis¬ 
crepancies. In the tables above, the final column, headed (H), should in theory 
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give the furfuraldehyde due to pentose units not in pectin. It was found, 
however, that a negative result w~as obtained in practically every case. This 
could be due to one of two reasons. Either the total furfuraldehyde yields as 
obtained were uniformly low, or else the C0 2 yields were too high. It did not 
seem likely that any substance present in the hydrolysis liquid could lower 
the production of furfuraldehyde from the pentose units present on distilla¬ 
tion with hydrochloric acid. It did, however, appear possible that the action 
of the alkali might produce substances, apart from uronic acids, which would 
give C0 2 on boiling with hydrochloric acid, although this reaction has been 
presumed to be specific. 

The action of dilute alkalis on the polysaccharides is a field of carbohydrate 
chemistry as yet unexplored. The work of Lobry de Bruyn and van Ekenstein 
[1895, 1896, 1897] and of Nef [1907, 1910, 1914] and his co-workers on the 
effect of alkali on the monosaccharides has shown the very complicated nature 
of the reactions which take place. More recently Lloyd Evans [1929] has 
re-investigated these problems and extended the work to certain disaccharides. 
The results of all these workers have thrown much light on the constitutional 
relationships between the sugars. In practically all cases, however, they found 
it necessary to employ moderate temperatures so that the course of the 
reactions might be followed, and intermediary and transitory substances 
identified and estimated. However, differences in behaviour and quantities 
of end-products which were observed between individual sugars of the same 
series at a given alkalinity at lower temperatures were found to disappear as 
the temperature was raised. Evans [1929] states that at 75° the various 
hexose sugars yield practically identical amounts of oxidation products since 
they form a common 3:4-dienol. It is not unreasonable to assume that the 
reaction at 100° proceeds similarly to that described as taking place at 75°, 
but at a much increased rate. The hexoses are presumed to give in the first 
place an equilibrated mixture of three different dienolic forms, the 1 : 2, the 
2 : 3, and the 3 : 4 isomers. Rupture then takes place at the double bonds of 
the several dienols and various degradation products are formed. In the 
cases just considered the 1 : 2-dienol gives an active pentose and hydroxy- 
methylene, the 2 : 3-dienol, a tetrose and glycollaldehyde, and the 3 : 4- 
dienol, two molecules of glyceraldehyde. The pentoses and tetroses similarly 
give dienolic forms which on rupture yield the same products. Subsequent 
oxidation results in the production of C0 2 from hydroxy methylene, and in 
part from glycollaldehyde and glyceraldehyde. Glycollaldehyde at the same 
time gives oxalic acid, or may give some glycollic acid. Glyceraldehyde 
is converted into pyruvic aldehyde which in turn gives lactic acid or may 
give acetic and formic acids. 

The extent to which this process is modified by linkage of the sugar is, as 
yet, not fully determined. The only linked hexose product which has been 
investigated under alkali treatment is maltose. Evans and Benoy [1930] have 
shown that alkaline solutions of this sugar contain an equilibrated system 



HYDROLYSIS OF PECTIN 


655 


similar to that observed with the hexose sugars, the components of the system 
being the 4-glucosido-glucose dienols and their fission products. In the case 
of the treatment of pectin with alkali the processes of hydrolysis and dienolic 
fission must go on simultaneously, and upon the precise point or points of 
rupture of the ring will depend the course of the subsequent fission. In addition 
to the products given above, derivable from the hexose and pentose units, 
the presence of galacturonic acid renders other products likely. These it is 
proposed to investigate later. A 3 : 4 dienol of galacturonic acid would give 
one molecule of glyceraldehyde and an aldehyde acid, giving in turn probably 
pyruvic, glyoxylic or oxalic acid. 

The possible ultimate fission products of pectin on alkaline treatment are 
therefore, formic, acetic, oxalic, lactic, glycoilic, glyceric, glyoxylic and 
pyruvic acids. It seemed not unlikely that one or more of these might yield 
C() 2 on treatment with 12 % HC1, and its presence in the hydrolysis liquid be 
responsible for the unaccountably high figures for C0 2 yield obtained in the 
experimental work just described. Samples of each were therefore boiled 
with HC1 under the usual conditions, and the C0 2 evolved, if any, estimated 
(Table IV). 


Table IV. 00 2 evolution from certain a<cids on treatment with 12 °/ 0 IICl. 


Acid 

Formic acid 
Acetic acid 
Oxalic acid 
Lactic acid 


CO* evolved 

% 

Trace 

Trace 

0-42 

008 


Acid 

Glycoilic acid 
Glyoxylic acid 
Glyceric acid 
Pyruvic acid 


CO, evolved 
o 
/o 

Nil 

Nil 

Nil 

5-4 


It will be seen that among these only pyruvic acid was found to yield 
any quantity of C0 2 . It was not, however, found possible to characterise this 
acid in the hydrolysis liquid, owing to the presence of other decomposition 
products, but theoretical considerations and this indirect evidence point to 
its formation in this process. Oxalic acid is known to be formed in some 
quantity and undoubtedly must contribute to the yield of C0 2 . 

For comparison a hexose and a disaccharide were treated with 0*2 % 
alkali for various periods and after neutralisation 12 % HOI was added and 
the CO* obtained on distillation measured (Table V). 


Table V. Hydrolysis of sugars with 0*2 °j 0 alkali. 



Time of heating 

CO, yield 

Sugar 

min. 

% 

Glucose 

2 

0-98 


5 

0-82 


15 

0*70 


30 

0*73 

Lactose 

30 

1 12 


In the method of calculation described earlier, C0 2 from the dienolic 
fission products would be calculated as uronic acid anhydride thus giving 
for this, as was suspected, a high and unreliable figure. Since it is not possible 
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satisfactorily to remove these fission products from the hydrolysis liquid, it 
is patent that this method of calculation is inapplicable for the purpose of 
throwing light on the composition of the higher degradation products of 
pectin* 

Certain other methods of hydrolysis were tested, since it was supposed 
that these disadvantages might be confined to alkaline treatment. Acid 
hydrolysis seems to have received even less attention than hydrolysis by 
alkali. Ehrlich [1917] states that mild acid hydrolysis by boiling for several 
hours with 1 % oxalic acid yields an araban and a monobasic acid, galactose- 
galacturonic acid, C^H^O^. Complete acid hydrolysis by boiling for 2-3 hours 
with 1 % HC1 is stated to go further and to give free galactose and galacturonic 
acid. Hydrolyses were therefore carried out employing these two reagents 
under precisely similar conditions as described for the alkaline treatments. 
Since it was necessary to remove the oxalic acid before the uronic acid de¬ 
terminations were made, a slight excess of calcium chloride was added and 
the precipitated calcium oxalate filtered off. The washing of the alcohol pre¬ 
cipitate in the pectin estimation with acid alcohol had to be carried out with 
great care till the oxalate test was negative. The results obtained, together 
with the calculations therefrom, are given in Table VI. 


Table VI. Hydrolysis of 'pectin. 

Expressed in g. per 1 g. calcium pectafce. 

Fur 

Ap* furald. 

Ap- parent from 

Fur- Non- parent non- non- 

furatd. pectin total Pectin pectin pectin 

due to fur- uronic uronic uronic uronic 

pectin furald. content content content acid 

(D) (B-D) (4 0) (E) (F) (G) (H) 

Hydrolysed with 1 % HCl. 


Blank 

10 

0177 

0*183 

0 177 

— 

— 

0-732 

— 

— 

— 

1 

0-549 

0-255 

0*210 

0*097 

0-158 

0-840 

0*401 

0*439 

0-073 

0*085 

3 

0155 

0-242 

0*208 

0-207 

0215 

0-832 

0*113 

0*719 

0-120 

0-095 

5 

Nil 

0-231 

0*128 

0 231 0-512 — 

Hydrolysed with 1 % oxalic acid. 

0*512 

0-085 

0-146 

Blank 

10 

0177 

0-183 

0-177 

— 

— 

0*732 

— 

— 

— 

4 

0-635 

0*206 

0-191 

0 112 

0*094 

0-764 

0-465 

0-299 

0*050 

0-044 

8 

0-325 

0-282 

0-190 

0-058 

0-224 

0-700 

0*238 

0*522 

0*087 

0-137 

12 

Nil 

0*210 

0190 

— 

0*210 

0-760 

— 

0*760 

0*126 

0*084 


An examination of these results showed two features of interest. In the 
first place there was observed in both cases a definite and considerable increase 
in total fuifuraldehyde yield which can be accounted for with little difficulty. 
The action of the dilute acid on the galacturonic acid is in part at least a 
simple decarboxylation. From a unit which yields 16-66 % of its weight of 
furfuraldehyde is given a pentose unit which yields nearly 60 % of furfur- 
aldehyde. The observed increase of furfuraldehyde yield is therefore due to 
the formation of pentose groups by simple decarboxylation of the uronic acids. 
In the second place An increase in carbon dioxide yield was observed in both 


Total 
Calcium fur- 

peotate furald. CO, 

Time yield yield yield 

hours (A) (B) (C) 
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cases despite the fact that uronic acids have undergone decarboxylation to 
pentoses. It is seen, therefore, that the theoretical method of calculation 
employed is again invalid, and it is necessary to postulate in these cases also 
the production of non-uronic degradation products yielding C0 2 on treatment 
with 12 % HC1. It is not possible to speculate on the nature of these degrada¬ 
tion products since so little is known as to the course of mild acid scission of 
polysaccharides. 

A final hydrolysis was carried out by heating a pectin solution alone in 
an autoclave at 1 atmosphere for 1 hour. Considerable acidity is developed, 
and the final p H was approximately 2*0. It is this development of acidity 
which prevents the setting of agar media containing pectin. The results are 
given in Table VII. Once again an increase in total furfuraldehyde yield was 
observed which is only in part balanced by the loss of uronic acid, necessitating 
again the postulation of the production of C0 2 -yielding degradation products. 


Table VII. Hydrolysis of 'pectin solution in autoclave at 1 atmos. 

(Final p H = 2-0.) 

Expressed in g. per 1 g. calcium pectate. 

Fur- 

Ap- furald. 

Ap- parent from 

Fur- Non- parent non- non- 

furald. pectin total Pectin pectin pectin 

CO* due to fur- uronic uronic uronic uronic 

yield pectin furald. content content content acid 

(C) (E) <B~D) (4C) (E) (F) (G) (H) 

0* 183 0 177 — — 0-732 — —- — 

0-172 0-100 0059 0-688 0-687 0001 — 0-059 

Preparation of hydrolysis product. 

Candlin and Schryver [1928] prepared two polyuronide products by the 
alkaline hydrolysis of pectin. These products both had a low uronic anhydride 
content, which was not surprising, since the hydrolysis was continued for 
4 hours, a period which, in view of the figures given in Table I, would seem to 
be rather too long. Accordingly a hydrolysis was carried out for a shorter 
period. 20 g. of Citrus-pectin were dissolved in 1000 cc. water and NaOH 
added to make a concentration of 0*5 %. The whole was boiled for 1 hour 
under a reflux and exactly neutralised with hydrochloric acid. The solution 
was concentrated under reduced pressure to 200 cc. and made acid with 
hydrochloric acid. The precipitate w T hieh formed was filtered off, and will be 
referred to as the residue. The filtrate was poured into two volumes of 95 % 
alcohol and, after standing overnight, filtered. The precipitate was redissolved 
in dilute acid and reprecipitated with alcohol, and finally dried in graded 
strengths of alcohol. The residue was treated similarly. The yield of product 
was about 4 g. and of residue rather less. 

The furfuraldehyde and C0 2 yields 'were determined on both the residue 
and the product. 

Biochem. 1930 xxiv 



Total 

Calcium 

fur- 

pectate 

furald. 

yield 

yield 

Time (A) 

<B> 

Blank TO 

0177 

1 hour 0-904 

0-219 


42 
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Residue 

0/ 

Product 

% 

16-47 

Ash 

/o 

6-67 

C0 2 yield (ash-free) 

18-27 

14-31 

Uronic anhydride (ash-free) 

73-08 

57-24 

Furfurald. yield (ash-free) 

17-24 

14-68 


It is seen that the composition of the residue closely approximates to that 
of the original pectin, and it is therefore unchanged pectic acid. 

From the figures given above it is possible to calculate the composition 
of the hydrolysis product. The composition of the products obtained by 
Candlin and Schryver [1928] has similarly been calculated from their results, 
and is given for comparison in Table VUI. 

Table VIII. Composition of alkaline hydrolysis products of pectin (%). 



(Norman and 

(Candlin and 

(Candlin and 


Martin) 

Schryver) 

Sohryver) 


Citrus-pectin 

Citrus-pectin 

Onion-pectin 

Uronic anhydride 

57-24 

37 25 

21-55 

Total furfurald. 

14-68 

17-40 

8-43 

Furfurald. due to uronic anhydride 

9-53 

6-21 

3-59 

Furfurald. from pentose 

5 15 

11-19 

4-84 

Anhydropentose 

Anhydrohexose 

9-64 

33-12 

20-84 

41-91 

9-06 

69-39 

Like the products obtained by Candlin and 

Schryver [1928] the hydrolysis 


product in this case was non-reducing, but hydrolysable by N H^SO* into 
reducing substances. Arabinose was characterised by the diphenylosazone 
and galactose by the production of mucic acid. 

General discussion. 

It is not possible from the results presented above to come to any con¬ 
clusions as to the arrangement of the units in the pectin molecule, or as to 
the type of linkage involved. Nor is one able to point to any single linkage 
or unit as being peculiarly susceptible to attack by a particular hydrolysing 
agent, and being therefore the point at which rupture of the ring takes place. 
A theoretically sound method of calculation for determining the composition 
of the polyuronide derivatives from pectin breaks down both in the case of 
alkaline and acid hydrolysis, owing to the production of simpler degradation 
products which interfere with the determination of the uronic carboxyl groups. 

The susceptibility of pectin at 100° to alkali as dilute as Nf 20 is par¬ 
ticularly noteworthy since it indicates that the carbohydrate linkages are of 
a type apart from those found in some other polysaccharides, such as cellulose 
and starch. Since the production of simple degradation products, yielding 
CO a on treatment with 12 % HC1, can be accounted for by a process of dienolic 
fission foEowing upon the rupture of these linkages, it seems likely that hydro¬ 
lysis follows this course. It is clear that the C0 2 yield cannot be taken as a 
measure of decarboxylation and still less of hydrolysis of pectin as was done 
by Candlin and Schryver [1928]. They quote the percentage loss of uronic 
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anhydride calculated from C0 2 yield from pectin treated with different con¬ 
centrations of alkali for various times and at several temperatures. The error 
in their figures due to the presence of dienolic fission products will vary with 
the conditions and will be considerable, as is seen in the work described above. 
Where it is possible to compare the apparent decarboxylation produced by 
the different concentrations of alkali employed by them, it appears that the 
lower concentrations are more effective, and in fact these workers comment 
on this. It seems likely that with the higher concentrations of alkali the 
enolic fission products are more completely degraded than with the lower, and 
so do not give C0 2 or as much C0 2 on treatment with HC1. 

The principles underlying the mild acid hydrolysis are even more obscure, 
and, apart from the observation that pentose units are formed by simple 
decarboxylation of uronic groups, it is difficult to make further assertions. 
That there is simultaneously the production of non-uronic units giving C0 2 
on treatment with HC1 is clear from the results, but there is no evidence as 
to the nature of these. 

It seems that valid information as to the nature of the polyuronide de¬ 
gradation products can only be obtained by the tedious process of actual 
isolation at various stages. Even then it is probable that the products isolated 
may be mixtures of derivatives with similar properties. That polyuronides 
similar in properties to the natural hemicelluloses may be obtained by the 
alkaline hydrolysis of pectin, as claimed by Candlin and Schryver [1928], is 
certain, but the process, as is shown above, is something more than simple 
decarboxylation, and, furthermore, can hardly be imagined as taking place 
in the plant. Norman [1929] has suggested that the production of hemi¬ 
celluloses and of pectin in the plant is due to the mild oxidation of hexosan 
units. Recently Norman and Norris [1930] have shown that decarboxylation 
may be effected by a process of mild oxidation, thus lending some support 
to this theory. It is possible that enolic fission may play a part in the 
metabolism of these substances. Nef [1914] stated that dienols did not exist 
in any solution containing less than i\ T /30 alkali, but this has recently been 
disproved by Evans et ah [1928] who show that limited dienol formation 
takes place in solutions of p u less than 7-0. By employing copper acetate as 
a mild oxidant they were able to isolate some of the characteristic products 
of dienolic fission. It is conceivable therefore that these two methods of mild 
oxidation may be jointly responsible for the degradation in the plant of pectin 
to hemicelluloses. Oxidation of linked units may take place as in the hydrogen 
peroxide work of Norman and Norris [1930] and of unlinked units by limited 
oxidative dienolic fission owing to the p u of the cell sap. 
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Summary. 

1. Hydrolyses of pectin have been carried out at 100° with 0*5 % and 
0-2 % alkali. The yields of calcium pectate, furfuraldehyde, and C0 2 were 
estimated at intervals. 

2. A rapid hydrolysis was observed in both cases; the rupture of the 
pectin ring proceeding faster than the destruction of furfuraldehyde-yielding 
groups and apparent decarboxylation. 

3. When a calculation was made to determine the nature of the immediate 
degradation products of the pectin, certain discrepancies became apparent. 
The C0 2 yield was higher than could be accounted for from the uronic acids 
present. 

4. On theoretical grounds the presence of certain dienolic fission products 
of sugars was suspected, and the C0 2 yields of these were tested. Pyruvic acid 
was found to yield a considerable amount of C0 2 , and oxalic and lactic acids 
a little. There is therefore indirect evidence for their presence in the alkaline 
hydrolysis liquid. 

5. In the course of mild acid hydrolyses an increase in furfuraldehyde 
yield was observed, due to simple decarboxylation of uronic acids with the 
production of pentose. Despite this decarboxylation, an increase of C0 2 yield 
was noted, owing to the formation of non-uronic degradation products of 
unknown composition, yielding C0 2 . 

6. A polyuronide derivative of pectin containing 57 % uronic anhydride 
was prepared by alkaline hydrolysis of pectin, and its composition was deter¬ 
mined. 


The work described in this paper was carried out at the Rothamsted 
Experimental Station by the courtesy of the Director, Sir John Russell. 

One of us (A.G.N.) is indebted to the Department of Scientific and Industrial 
Research for a Senior Research Award. 
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LXXV. THE PHOSPHORUS DISTRIBUTION IN 
BLOOD AND THE CALCIUM AND PHOSPHORUS 
EXCRETION DURING HYPERVITAMINOSIS D. 

By CHARLES AMOS ASHFORD 1 . 

From the Biochemical Laboratory , Cambridge. 

{Received May Id , 1930.) 

It has been shown by several workers [Harris and Moore, 1928, 1, 2; 1929; 
Kreitmar and Moll, 1928; Pfannenstiel, 1927J that the feeding of doses of 
irradiated ergosterol far in excess of the therapeutic dose produces well- 
marked metabolic disturbance, a condition which has been called liyper- 
vitaminosis D. This condition is characterised by an extensive deposition of 
calcium salts in various organs of the body and is accompanied by an increased 
blood-inorganic phosphate [Harris and Stewart, 1929]. Hess and Lewis 
[1928] also observed signs of high blood-calcium and -inorganic phosphate in 
clinical cases of rickets, which were receiving 2*5-5 mg. of irradiated ergosterol 
per day. As phosphorus occurs combined in several different forms in blood, 
it was thought of interest to investigate whether the increase in inorganic 
phosphate, which in this condition can be maintained over a long period, 
produces any change in the blood content of acid-soluble organic phosphorus 
compounds. The work reported here was carried out to investigate this point. 

In these experiments, the technique of Kay and Robison [1924] has been 
employed, and the following four types of phosphorus compounds have been 
studied. 

(i) The inorganic phosphate. 

(ii) The acid-soluble organic phosphorus compounds, almost all of which 
are present in the corpuscles. They" are estimated by difference between total 
acid-soluble phosphorus and the inorganic phosphate. 

(iii) That fraction of (ii) w T hich is hydrolysed by Robison’s bone-phos¬ 
phatase, “the hydrolyzable fraction.” 

(iv) That fraction of (ii) which is not hydrolysed by bone-phosphatase, 
“the non-hydrolysable fraction.” 

These four fractions, together with the “lecithin’’-phosphorus, which has 
not been estimated, between them contain the w’hole of the phosphorus in 
blood. 


1 A short account of this work appeared in Chem. Ind . (1930), 49, 237. 
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Experimental. 

Twelve Dutch rabbits of approximately the same size and age were used 
in this work. At the beginning of the experiment they were about 3 months 
old. At the end they were fully grown and adult. The data therefore are for 
both growing and adult rabbits. They were given a mixed diet of bran and 
roots. No attempt was made either to increase or to limit the intake of 
calcium or phosphorus as was done in the experiments of Hess, Weinstock 
and Rivkin [1928]. After a control period lasting a month, the rabbits were 
divided into four groups and the following additions made to their diets. 

A. 0*5 cc. arachis oil (2 rabbits); 

B. 0*5 cc. arachis oil, containing 10 mg. irradiated ergosterol (4 rabbits); 

C. 0*5 cc. arachis oil, containing 10 mg. ergosterol (2 rabbits); 

D. no addition (4 rabbits). 

The irradiated ergosterol used was “B.D.H.—irradiated in alcohol/' The oil 
was fed each day by means of a pipette. The rabbits were weighed at intervals, 
the onset of hypervitaminosis being shown by a cessation of growth followed 
in time by a loss of weight. 

Both during the control period and after feeding had started small samples 
of blood were withdrawn at intervals from the ear. The experimental feeding 
always followed bleeding so as not to excite the animals. The blood samples 
were received into paraffined crucibles, containing a minimal amount of 
potassium oxalate. The volume of corpuscles Was estimated by haematocrit, 
but as it varied very little from the average figure of 34 % no corrections 
have been made and all results are expressed as mg. per 100 cc. of whole 
blood. 2 cc. were measured by pipette and delivered into 5 cc. of 25 % 
trichloroacetic acid. After standing for hour they were filtered into 25 cc. 
volumetric flasks, neutralised to phenolphthalein and made up to the mark. 
When not estimated immediately the filtrates were kept in the ice-chest. 
5 cc. were taken for estimation of inorganic phosphate. Total acid-soluble 
phosphorus was estimated on 1 or 2 cc. by incineration with strong sulphuric 
acid and Merck's perhydrol. For the estimation of the hydrolysable fraction, 
5 cc. were treated with 1 cc. of 5 % bone extract and adjusted to p H 9. They 
were incubated for 24 hours (which was found to be the most suitable time) 
at 37° in the presence of a little chloroform. 1 cc. of N sulphuric acid was 
added to precipitate the proteins and, after standing overnight in the ice- 
chest, the precipitate was filtered off and the inorganic phosphate estimated, 
a correction being applied for the inorganic phosphate added in the bone 
extract. All estimations were carried out in duplicate by the method of 
Briggs [1924], 

The results are shown in Fig. 1. The three types of control A, C and D, 
have been treated together as they behaved in the same manner. It will be 
seen that, although the inorganic phosphate was raised by nearly 100 % at 
one time when the rabbits were young, and at another by nearly 50 % when 
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the rabbits were adult, no significant change in the content of acid-soluble 
organic phosphorus compounds was detected. The hydrolysable and non- 
hydrolysable fractions are shown in Table I. It can be seen that there are 
no significant differences between the control and experimental periods. 
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Inorganic and acid-soluble organic phosphorus of control 
and experimental animals. 


Table I. Average values during control and experimental periods. All 
values mg. phosphorus per 100 cc. whole blood . 

Total organic Hydrolysable Non-hydrolysable 
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period 
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33-48 

31 42 
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4-84 

27-00 

26*58 
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29-44 
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5-80 

6-15 

23*04 

23*65 
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3215 

32-05 

5-70 

5 41 

26*39 

26*64 
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3082 

31-90 

5-80 

5-67 

25*02 
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Calcium. 

It has already been mentioned that Hess and Lewis [1928] observed 
liypercalcaemia in clinical cases of rickets receiving 2*5-5 mg. of irradiated 
ergosterol per day. Hess, Weinstock and Rivkin [1928] also observed that, 
in adult animals with a low serum-calcium and a very low intake, the level 
was rapidly raised to normal by large doses of irradiated ergosterol. Harris 
and Stewart [1929] reported a very slight rise in the adult rabbit and a 25 % 
rise in the case of rats. It was therefore thought desirable to carry out some 
estimations of serum-calcium, and I am greatly indebted to Miss E. Watchorn 
for being so kind as to do these. The method used was that of Kramer and 
Tisdall [1921]; The results are shown in Table II. It will be seen that the 
experimental animals have, on the w r hole, a higher serum-calcium than the 
controls, although the control values are rather low for rabbits. It should 
be mentioned that the experimental animals were in a condition of hyper- 
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vitaminosis during the whole period and at that time were adult. Rabbit 
No. 7, when killed on March 11, had a serum-calcium of 21 mg. per 100 cc. 
and an inorganic phosphate of about 8 mg. The symptoms were very severe 
and the animal had practically stopped eating and had fallen in weight from 
3 lbs. to 2 lbs. in 10 days. Extensive calcification was visible to the naked 
eye in the aorta and kidneys, which were enlarged. Rabbit No. 6, showed 
the same symptoms and had a serum-calcium of 18*8 mg. per 100 cc. on 
March 30. It would seem that the rise in serum-calcium is a somewhat slower 
process than the rise in inorganic phosphate. 


Table II. Serum-calcium; mg. per 100 cc. 


Experimental 

Arachis oil + irradiated 
ergosterol 

f - A -— 

Rabbit No. 3 4 6 7 

Feb. 12 — — 13-9 15-2 

„ 19 14-4 131 — — 

Mar. 4 13-9 11-4 13 7 13 3 

„ 11 — ~ — 210 

„ 30 — — 18*8 — 


Controls 

,- A -\ 

Arachis Arachis oil -f No 

oil ergosterol addition 

' / \ t - K --v ( A 

1 2 10 12 5 8 9 

— 12-9 127 — 12-6 — — 

— — — 10-1 — 10*1 10-8 


Table III. Daily urinary output of calcium in mg. 
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Urinary calcium and phosphate . 

During the latter part of the experiment urine was collected from control 
and experimental animals. The first fact which emerges is the absence of the 
diuresis which Hoyle and Buckland [1929] reported wifih rats. Fig. 1 shows 
that, if anything, the daily volumes are slightly less, which is probably 
accounted for by the decreased intake of food and hence water. Fig. 2 shows 
that the daily excretion of inorganic phosphate (estimated by the uranium 
acetate titration method) is consistently higher than in the controls. The 
urines were very alkaline (about p B 8*5) as were also those of the controls, 
but, unlike the latter, they contained a white precipitate of calcium 
salts. Calcium estimations were again carried out by Miss Watchorn. The 
results (Table III) show a large excretion of calcium salts by the kidney, 
from a mere trace in the case of the controls to as much as 100 mg. per day 
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in the experimental animals, which were in a condition of hypervitaminosis 
daring the whole period. It is interesting that a sample of urine (about 25 cc.) 
taken from the bladder of one of the animals after killing contained 156 mg. 
of calcium per 100 cc. 



Days 

Fig. 2. Daily urinary volumes of control and experimental animals. 

Recovery from hypervitaminosis. 

Feeding of irradiated ergosterol to one animal was discontinued on 
February 26. A fortnight later, however, this animal was still excreting large 
amounts of calcium and a high level of inorganic phosphate by the kidney. 
Even on April 2 the urine contained much calcium and phosphate. When the 
animal was killed and examined on this date, calcification in the aorta was 
entirely absent and the kidneys appeared normal. It would appear from the 
urine, then, that recovery is very much slower than the rapidly falling blood- 
inorganic phosphate would lead one to suppose. On the other hand, the 
serum-calcium was still high, 16-6 mg. per 100 cc., while the blood-inorganic 
phosphate was 4 mg. per 100 cc. 
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Discussion. 

It was shown by Wigglesworth and Woodrow [1923], that, when the blood- 
inorganic phosphate was raised by ingestion of phosphate, no increase in the 
organic esters took place. On the other hand, Haldane, Wigglesworth and 
Woodrow [1924] and Kay [1924] observed a rise in blood-inorganic phosphate 
in acidosis, accompanied by a fall in the content of organic acid-soluble 
phosphorus compounds, which Kay traced to the non-hydrolysable fraction. 
He suggested that this fall was necessary to help to neutralise the free acid, 
and there was an increased phosphate excretion by the kidney. Conversely, 
alkalosis caused a diminution in free phosphate. In the experiments reported 



Tig. 3. Total .daily urinary excretion of inorganic phosphorus by control 
and experimental animals. 

here the p n of the plasma was not determined, but there was no sign of 
ketosis in the urine, in spite of the increased phosphate excretion by the 
kidney. It seems unlikely that the relationship between the inorganic and 
organic phosphorus compounds of blood can be a simple one, because, if such 
were the case, a change in one, unaccompanied by reaction changes, should 
produce a change in the other. A probable explanation of the findings reported 
here is to be found in the work of Jost [1927] and of Martland, Hansmann 
and Robison [1924]. Jost showed that by far the greater portion of the acid- 
soluble organic esters of the red corpuscles consists of a diphosphoglyceric 
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acid, and that glycolysis in blood is associated with a synthesis of this ester. 
Martland, Hansmann and Robison showed the presence of an esterase in 
blood which attacks the organic esters under suitable conditions of p H . Both 
these processes appear to be independent of the inorganic phosphate level 
within the limits obtaining in the blood, and hence no change in the organic 
esters was detected in the experiments described here. The system, in fact, 
is somewhat analogous to that obtaining in the synthesis and hydrolysis of 
hexosephosphate in alcoholic fermentation. Any accumulation of organic 
phosphorus esters in the plasma is probably prevented by hydrolysis in the 
kidney, which Eichholtz, Robison and Brull [1925] showed to be able rapidly 
to break down added esters. 

With regard to the origin of the increase in blood-inorganic phosphate 
and calcium in hypervitaminosis there is no certain knowledge. It has been 
suggested that one of the functions of vitamin D is to regulate absorption 
from the gut, and the increased phosphate and calcium excretion by the 
kidney might suggest that this is the case. On the other hand, Hess, Wein- 
stock and Rivkin [1929] suggest that the calcium comes from the bones. 
Total balance experiments in rats carried out by Light, Miller and Frey 
[1929], Brown and Shoh! [1930] and Watchorn [1930] seem to support this 
view\ Similar experiments under different levels of calcium and phosphate, 
which are being carried out in this laboratory at the present time, may serve 
to throw r additional light on the two theories outlined above. In the experi¬ 
ments reported here, however, histological examination of the bones by 
Mr J. R. M. Innes hardly suggested that the calcium came from the bones, 
as these w r ere hard and w r ell calcified. 

Summary. 

1. The increase in blood-inorganic phosphate, which accompanies hyper¬ 
vitaminosis D, does not lead to any change in the content of organic acid- 
soluble phosphorus compounds. 

2. A rise in serum-calcium during hypervitaminosis is confirmed. 

3. Hypervitaminosis produces an increase in inorganic phosphate excretion 
by the kidney, probably with a slight decrease in the daily urinary volume. 

4. There is a greatly increased excretion of calcium by the kidney. 

5. Animals recovering from hypervitaminosis D maintain a high phos¬ 
phate and calcium excretion by the kidney, when, apparently, other symptoms 
have disappeared. 

My thanks are due to Mr J. B. S. Haldane and to Dr L. J. Harris for their 
interest and advice in this work, and to Miss E. Watchorn for carrying out the 
calcium estimations, and also for much advice. The animals w r ere in the care 
of Mr F. Johnson, to whom I am extremely grateful. 

This work was done during the tenure of a grant from the Department of 
Scientific and Industrial Research, for which my thanks are due. 
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LXXVI. OXIDATION-REDUCTION POTENTIALS 
OF CULTURES OF C. DIPHTHERIAE. I. 

By LESLIE FRANK HEWITT. 

From the Belmont Laboratories (L.C.C.), Sutton , Surrey . 

(Received May 1st , 1930.) 

Many bacteria, particularly facultative anaerobes, may be cultivated under 
widely different environmental conditions. It seems probable that the varying 
degrees of access to atmospheric oxygen of cultures must affect the metabolism 
of organisms and their general biological behaviour. 

The bleaching of methylene blue is a familiar example of the reducing 
conditions developed in bacterial cultures during growth, but the disadvantages 
and uncertainties attaching to the use of dyes previously mentioned [Hewitt, 
1930] necessitate the use of a more accurate method of following oxidation- 
reduction processes in bacterial cultures. 

Reducing conditions established during growth may be followed, therefore, 
by the fall in potential of bacterial cultures. This has been observed by 
Gillespie [1921], Cannan, Cohen and Clark [1926] and Coulter and Isaacs [1929]. 
Fildes [1929] found that a limiting reducing potential was necessary for the 
germination of tetanus spores. In a previous communication [Hewitt, 1930] 
it has been shown that conditions of oxygen supply have a very marked effect 
on the potentials developed in cultures of haemolytic streptococci. 

C. diphtherias may be cultivated on the surface of solid media with free 
access to oxygen, in liquid media with a poorer supply of oxygen, or even 
anaerobically. The conditions governing toxin production are not understood. 
The organisms may show good growth but yield very little toxin. It is possible 
that such functions may be dependent on oxidation-reduction conditions in 
the medium, and this communication deals with observations of electrode 
potentials developed in cultures of C, diphtherias under different conditions, 
with a view to possible correlation with the biological functions of the organisms. 

Methods. 

The apparatus and methods used were the same as those previously 
described in the study of haemolytic streptococci [Hewitt, 1930]. 

8 cc. of culture medium were introduced into each cell, the inoculum 
was a small loopful of the surface pellicle of a 24-hour broth culture of Park- 
Williams 8 strain of 0. diphtheriae and the incubator temperature was 37°. 
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Results. 

Peptone infusion broth (Fig. 1). Horse-flesh infusion broth containing 2 % 
of Difco peptone was used. The potential fell to Eh — — 0*14 v. during the 
first 10 hours’ incubation and then more slowly, reaching a minimum value of 
just below — 0*20 v. in 75 hours. Even after 140 hours’ incubation the potential 
remained below — 0*15 v. The potential-time curve obtained may be contrasted 
with that of an aerobic culture in the same broth of haemolytic streptococci. 
With the latter organisms the potential falls rapidly to a minimum value of 
— 0*17 v. and then rapidly rises. 



Time (hours) 

Fig. 1. Peptone infusion broth. C. diphtheriae and haemolytic streptococci. 

Freshly heated broth (Fig. 2). Peptone infusion broth in tubes was immersed 
in a boiling water-bath for 30 minutes and cooled immediately before use. In 
the case of haemolytic streptococci the potentials of cultures in freshly heated 
broth fell twice as quickly and to a lower level than in untreated broth [Hewitt, 
1930]. No appreciable difference, however, was observed between the potential¬ 
time curves of cultures of C. diphtheriae in heated and unheated broth. 

Tryptic digest broth (Fig. 2). C. diphtheriae frequently requires acclimatisa¬ 
tion to fresh cultural conditions. When, therefore, an inoculum was made 
from peptone infusion broth cultures to tryptic digest broth, growth was very 
slow and poor and, in conformity with this, the potential fell extremely slowly. 
Even after 96 hours’ incubation the potential had barely reached tie value 
En * — 0*05 v. 

Sealed cultures (Fig, 3). In cultures sealed with vaselin to exclude air the 
potential fell extremely slowly and did not attain the low level reached in 
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aerobic cultures. This indicates the necessity of the presence of oxygen to 
enable the organisms to develop intense reducing conditions. In the case 
of haemolytic streptococci also, access to air was found necessary for the 
rapid development of intense reducing conditions. 

Aerated cultures (Fig. 3). When broth cultures of C. dipktheriae were 
aerated vigorously and continuously in a three-limbed cell by means of Ridley* s 
[1928] mixing apparatus, growth was more luxuriant than in stationary cul- 
. tures and was distributed throughout the medium and not confined to a surface 
pellicle. The potential fell to within 50 mv. of the minimum value reached in 
stationary cultures and then rose fairly slowly towards the level of the original 
broth. These results arc entirely different from those obtained with haemolytic 
streptococci (indicated in Fig. 1). 



0 20 40 60 80 100 120 140 

Time (hours) 

Fig. 2. Aerobic cultures of C. diphiheriae. 



0 20 40 60 80 100 120 140 

Time (hours) 

Fig, 3, Peptone infusion broth. Cultures of C. diphtherias. 
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Table I. Electrode potential changes in peptone infusion broth. 


Organism 

Streptococci 

ft 

C. diphtheriae 

I* 


Culture 


Maximum fall in 
potential (mv.) 


Stationary 480 

Aerated 200 

Stationary 500 

Aerated 480 


With streptococci the fall in potential of aerated cultures was some 40 % 
of that in stationary aerobic cultures, whilst with C. diphtheriae the fall in 
aerated cultures was fully 90 % of that in stationary aerobic cultures. 



Time (hours) 

Fig. 4. C. diphtheriae cultures. 



Time (hours) 

Fig, 6. Infusion broth cultures of C. diphtheriae . 

After the phase of active growth the potential of streptococcal cultures 
rises rapidly to a high level, whilst the rise in potential of diphtheria cultures 
is relatively slow and a high {oxidising) potential is not reached. 
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Serum, broth (Fig. 4). In 50 % serum broth the potential fell much less than 
in plain broth, as was observed with haemolytic streptococci. 

Growth of C. diphtheriae appeared to cease much sooner in the presence of 
serum, but there is some evidence of a second fall in potential after some 
60 hours’ incubation. 

Glucose broth (Fig. 5). For the first two days of incubation active prolifera¬ 
tion occurred in 1 % glucose broth, but then ceased owing to accumulation of 
acid products. The potential did not fall to as low a level as in plain broth. 
This again is in conformity with results obtained with haemolytic streptococci. 

Succinate broth (Fig. 6). Cultures of C. diphtheriae in broth containing 1 % 
of sodium succinate developed a deep yellow-brown colour and became very 
alkaline owing to oxidation of the succinate to carbonate. The surface pellicle 
assumed a corrugated shrunken appearance. The level of potential reached 
w r as not quite as low* as in plain broth cultures and the potential began to rise 
after 4 days’ incubation, possibly owing to the effect of the alkaline reaction 
on the organisms. In aerated succinate cultures also the brown colour and 
alkaline reaction were noted, and the potential did not fall to as low a value 
as in aerated cultures in plain broth. 



Time (hours) 

Fig. 6. Infusion broth cultures of C. diphtheriae . 


Discussion. 

In general the potential-time curves of cultures of C. diphtheriae are less 
susceptible to changes in cultural conditions than are those of cultures of 
haemolytic streptococci. This is probably due to the intense reducing ability 
of C . diphtheriae , which appears to multiply most readily when the oxygen 
supply is most abundant. As with haemolytic streptococci, the presence of 
oxygen appears to be necessary for the rapid development of intense reducing 
Bioohem* 1930 xxiv 43 
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conditions. In cultures sealed with vaselin to prevent access to air the potential 
falls very slowly. In aerated cultures, in which the oxygen supply is very 
abundant, growth is luxuriant and the potential falls to very nearly the same 
low level as in stationary aerobic cultures—the organisms being able easily to 
deal with the abundant oxygen supply and maintain reducing conditions in 
the medium until cessation of active proliferation. 

The phase of active proliferation of C. diphtheriae is longer than that of 
streptococci and the lowest level of potential is reached more slowly, but the 
most marked distinction between the behaviour of the organisms is seen after 
the logarithmic phase of growth. With streptococci after 6-12 hours’ incuba¬ 
tion the potential begins to rise, but with C. diphtheriae no appreciable rise of 
potential is observed even after 140 hours’ incubation. In aerated cultures the 
high level of potential corresponding to peroxide formation is rapidly attained 
in streptococcal cultures, but with C. diphtheriae this high level is not attained 
and the potentials do not exceed that of the original uninoculated broth. In 
the lack of oxidising function C. diphtheriae cultures are quite different from 
those of haemolytic streptococci, and this may be due entirely to the lack of 
ability to form peroxide. 

The presence of serum prevents the potential of cultures of C. diphtheriae 
from falling to the low levels reached in broth. This oxygen-carrying effect, 
which was attributed tentatively to —S . S— groups in serum-proteins, 
is therefore not confined to cultures of haemolytic streptococci. Growth 
in serum broth was not luxuriant with C. diphtheriae as with haemolytic 
streptococci. 

The effect of glucose on cultures of C. dipfitheriae was similar to that on 
haemolytic streptococci, the acidity produced curtailing growth, but sodium 
succinate was utilised more readily by C . diphtheriae and on oxidation to 
carbonate produced an alkaline reaction which caused an early rise in potential. 

The chief differences between the potentials of cultures of C. diphtheriae 
and haemolytic streptococci have been summarised in the following table. In 
place of the electrode potential, results are given in terms of the convenient 
numerical function r H , which is the logarithm of the reciprocal of the partial 
pressure of hydrogen which is in equilibrium with the system. Oxidising 
systems have high r H and reducing systems low r H . 

Table II. Approximate values of i H reached in cultures of C. diphtheriae 
* 1 and haemolytic streptococci. 


Culture medium 

Organism 

6 

hrs. 

12 

hrs. 

r H after 

24 

hrs. 

48 

hrs. 

72 

hrs. 

144 

hrs. 

Unboiled infusion broth 

C. diphtheriae 

15 

9 

8-5 

8 

7 

8 

»» » 

Freshly heated infusion broth 

Streptococci 

C. diphtheriae 

18 

10*5 

14 

—. 

— 

_ 

15 

9 

8'5 

8 

7 

8 

tt *t n 

Streptococci 

9 

9 

9-5 

13*0 

18 

***. 

Aerated infusion broth 

C. diphtheriae 

225 

15*5 

13 

9 

21 

21 

t* ft •*.* 

Streptococci 

20*5 

18 

30 

30 

— 
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Summary. 

1. More highly reducing conditions are developed in cultures of 
C, diphtheriae than with haemolytic streptococci, especially when the oxygen 
supply is most abundant. 

2. After the logarithmic phase of growth the electrode potentials of 
cultures of C. diphtheriae do not rise rapidly, possibly owing to the lack of 
a peroxide-forming function. 

3. The potential-time curves of cultures of C. diphtheriae are less susceptible 
to variation with cultural conditions than those of haemolytic streptococci, 
probably owing to the facts stated in the first two paragraphs. 

4. Serum possesses an oxygen-carrying effect in cultures of C. diphtheriae. 

The author is deeply indebted to Dr R. G. White and Dr E. W. Todd for 
their interest and encouragement. 
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LXXVII. OXIDATION-REDUCTION POTENTIALS 
OF STAPHYLOCOCCAL CULTURES- I. 

By LESLIE FRANK HEWITT 
From the Belmont Laboratories (L.C.C.), Sutton , Surrey . 

{Received May 2nd , 1930.) 

Results obtained with regard to the oxidation-reduction potentials of 
cultures of haemolytic streptococci [Hewitt, 1930, 1] and C\ diphtheriae 
[Hewitt, 1930, 2] have been reported already, ("lose similarities in some respects 
and distinct differences in other points were traced in the behaviour of the two 
classes of organisms. In this communication the study is extended to Staphylo¬ 
coccus aureus cultures with the object of obtaining general rules concerning the 
oxidation-reduction potential changes occurring in bacterial cultures. Staphylo¬ 
cocci, like the organisms previously studied, may be cultivated under a variety 
of aerobic and anaerobic conditions, but most luxuriant growth is observed 
when free access to oxygen is provided. The very wide range of values of oxygen 
tension over which many micro-organisms ca h multiply contrasts with the 
relatively narrow limits within which higher organisms can survive. This ease 
of adaptation to different respiratory conditions confers on bacteria the pro¬ 
perty of great variation in behaviour. 

Methods. 

The methods and apparatus employed have been precisely the same as 
those previously described [Hewitt, 1930, 1]. See. of medium were used in 
each experiment and the inoculum was 0*1 cc. of a 24-hour infusion broth 
culture of Staph, aureus. 

Results. 

Peptone infusion broth (Fig. 1). In ordinary stock horse-flesh infusion broth 
containing 2 % of Difco peptone the electrode potential fell to the level, 
Eh— 9*14 v., within 9 hours. After this initial drop, the potential fell slightly 
during the next 140 hours, showing no tendency to rise. This behaviour is 
similar to that of cultures of C. diphtheriae in which the potential remains at 
a low level for a long period, but quite different from that of haemolytic 
streptococci. In the latter case the potential begins to rise immediately after 
the cessation of active proliferation. A distinct point of inflection on the 
potential-time curves is seen (Fig. 2) indicating reduction processes oecumhg 
in two stages. 
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Freshly heated broth (Fig. 2). Infusion broth was heated for 30 minutes in 
a boiling water-bath and cooled immediately before use. The potential fell 
much more rapidly and to a lower level than in unheated broth. This pheno¬ 
menon was observed with haemolytic streptococci also, but not with C . 
diphtheriae. 



Time (hours) 

Fig. 1. Aerobic cultures of Staph, aureus. 



Time (hours) 


Fig. 2. Aerobic cultures of Staph, aureus. 

Tryptic digest broth (Fig. 1). The potential fell quite rapidly in cultures in 
Douglas's tryptic digest medium. With haemolytic streptococci this sample of 
broth had a slight oxygen-carrying effect but it had very little with staphylo¬ 
coccal cultures. 
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Aerated cultures (Fig. 3). When cultures were aerated continuously and 
vigorously by means of Ridley’s [1928] mixing apparatus growth was much 
more luxuriant than in stationary cultures. The potential fell rather more 
slowly and not to as low a level as in stationary aerobic cultures. The difference 
in potentials reached in aerated and aerobic cultures is much less than in the 
case of haemolytic streptococci but greater than with C. diphtheriae. 


Table I. Minimum electrode potentials reached in cultures . 



Streptococci 

E h in volta 

Staphylococci 

C diphtheriae 

Aerobic 

- 016 

- 0155 

- 0-20 

Aerated 

+ 0-12 

- 0 055 

- 0*15 

Difference 

0-28 

010 

0*05 


The curve obtained with aerated cultures of haemolytic streptococci is 
given in Fig. 3 for comparison. 



Fig. 3. Broth cultures of Staph . aureus and haemolytic streptococci. 

Serum broth (Figs. 1 and 2). In 50 % serum broth cultures the potential 
did not fall to as low a level as in plain broth cultures. The form of the potential¬ 
time curves is similar to that obtained with haemolytic streptococci and 
possesses the same points of inflection. A further interesting observation is 
the second fall in potential in serum broth cultures after some 48 hours* 
growth. This may be due to breakdown of serum-proteins by proteolytic 
enzymes possessed by staphylococci. 



Eh OF STAPHYLOCOCCAL CULTURES 


679 


Glucose broth (Fig. 4). The potential of aerobic cultures in 1 % glucose 
broth falls fairly rapidly but not to as low a level as in plain broth, and then 
rises, probably owing to the accumulation of acid in the culture. This pheno¬ 
menon was observed also with haemolytic streptococci and C. diphtheriae . 

In aerated glucose broth cultures the potential did not fall to as low a level 
as in the stationary glucose broth culture (minimum value Eh = + 0*01 v. in 
place of — 0*08 v.). After a period of increase in potential, however, probably 
associated with acid production, the potential fell for a second time and after 
3-6 days’ growth the potential in the aerated culture was actually lower than 
in the stationary aerobic culture, despite the oxidising effect of the increased 
oxygen supply in the aerated culture. It was found that the stationary culture 
had Ph 5*4, whilst in the aerated culture the p n was 7*0 and growth was more 
luxuriant. It is evident, therefore, that the extra oxygen supply in the aerated 
culture had enabled the organisms to utilise the acids liberated during the 
glucose fermentation. The oxidation of lactate, etc., to carbonate accounts for 
the more alkaline reaction in the aerated culture. 



Time (hours) 

Fig, 4, Aerobic cultures of Sla 2 >h, aureus. 


Lactate-funmratc broth. In broth containing 1 % of sodium lactate and 
fumarate the potential fell to the same level as in plain broth but rose fairly 
rapidly. The reaction did not become alkaline and growth was relatively poor, 
indicating that the organisms were unable to utilise the acids in stationary 
aerobic cultures to any great extent. 

Glycerol broth (Fig. 5). Good growth was observed in stationary aerobic 
1 % glycerol broth cultures and the potential-time curve was practically 
indistinguishable from that of a plain broth culture. The culture did not become 
as acid as glucose broth cultures (p H 6*6 in place of 5*4). 
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Thiodiglycollate broth (Fig. 5). In broth cultures containing 1 % of sodium 
thiodiglycollate the potential fell rather more slowly and did not reach the 
low level reached in plain broth cultures. There were also points of inflection 
on the curve similar to those obtained with haemolytic streptococci. 

Discussion. 

Staphylococci multiply most readily under conditions of abundant oxygen 
supply, and are vigorous reducing agents. In this they resemble C\ diphtheriae-, 
both organisms are more easily able to maintain intense reducing conditions 
in the presence of a generous oxygen supply than are haemolytic streptococci. 
In addition, neither C. diphtheriae nor staphylococci form peroxide: therefore 
the potential-time curves of cultures of these organisms remain flat at a low level 
of potential after the logarithmic phase of growth, whereas with streptococci 
the curve immediately begins to rise. 



Time (hours) 

Fig. 5. Aerobic cultures of Staph, aureus. 


Staphylococci resemble streptococci and differ from C, diphtheriae in the 
effect of freshly heated broth. In the case of the two former organisms the 
potential falls more rapidly and to a lower level in the freshly boiled broth. 
With C. diphtheriae no effect is seen. 

With all three organisms the potential does not fall to as low a level in 
serum broth cultures as in plain broth. The oxygen-carrying effect of serum- 
proteins appears therefore to be a general one. 

In glucose broth cultures also the three organisms are similar in that the 
potential does not fall to as low a level as in plain broth. With staphylococci, 
however, another effect is seen. Acids liberated during glucose fermentation 
are utilised much more readily in vigorously aerated cultures than in stationary 
aerobic cultures. 




Eh OF STAPHYLOCOCCAL CULTURES 


681 


The presence of glycerol appears to have little effect on the potential-time 
curves of cultures, does not lead to acid production, and is therefore quite 
different in its effects from that of glucose. 

When staphylococcal cultures are sealed autolysis proceeds and the culture 
clears. Little effect on the potential is observed, which suggests that the 
potential of the intracellular contents is very little different from that of the 
medium, under the conditions employed. 

For comparison with previous results there are given in the following table 
the values of r H (logarithm of reciprocal of partial pressure of hydrogen in 
equilibrium with the system) reached in Staphylococcus aureus cultures. 

Approximate r H after 


Nature of culture 

0 hrs. 

12 hrs. 

24 hrs. 

48 hrs. 

72 hrs. 

120 hrs. 

Unheated broth culture 

12 

10 

10 

10 

10 

95 

Freshly heated culture 

9-7 

9-7 

93 

9 

8-5 

8*0 

Aerated broth culture 

15 

12 

125 

15 

20-5 

22 


Summary. 

1. SUtphylocoaiis aureus resembles C. diphtherias in maintaining more 
intense reducing conditions when the oxygen supply is abundant than haemo¬ 
lytic streptococci. 

2. Probably owing to lack of peroxide-formation the potential in staphylo¬ 
coccal cultures remains at a low level for a long period, again like diphtheria 
and unlike streptococci. 

3. In freshly heated broth the potential falls more rapidly in staphylococcal 
cultures, as with streptococci but not with C. diphtheriae . 

4. Serum has an oxygen-carrying effect in cultures of staphylococci as with 
the other organisms investigated. 

5. It is found with staphylococci, as with streptococci and C. diphtheriae , 
that the potential does not fall to as low a level in glucose broth as in plain 
broth; but with staphylococci an abundant oxygen supply facilitates the 
utilisation of acids liberated during glucose fermentation. 

6. Glycerol, unlike glucose, has little effect on the potential-time curve. 

The author wishes to acknowledge his indebtedness to Dr R. G. White and 
Dr E, W. Todd for their ready help, interest and encouragement. 
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OF MILK. 
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and SYLVESTER SOLOMON ZILVA. 

From the Biochemical Department, Lister Institute, London, and the, 
National Institute for Research in Dairying, Reading. 

Report to the Medical Research Council . 

(.Received May 6th, 1930.) 

Some years ago McCollum, Simmonds and Steenbock [1917] made the observa¬ 
tion that fat-free milk, when included in a diet consisting of purified food 
substances, promoted growth and prevented decline of animals and, further, 
that melted butter-fat lost its growth-promoting capacity after being thoroughly 
agitated with twenty successive portions of water. This led them to suspect 
that the “fat-soluble A factor” might be appreciably soluble in water. Later, 
Steenbock, Boutwell and Kent [1918] were able to demonstrate that the 
“fat-soluble vitamin” was not actually removed from the butter by the water 
but that it was destroyed in the process of washing. Drummond, Coward and 
Watson [1921] using a basal diet free from both fat-soluble vitamins (the 
separate identity of the fat-soluble vitamins was not appreciated at that 
time) came to the conclusion that butter was less potent as a source of 
“ fat-soluble A factor ” than the same amount of fat supplied in the original 
milk and that the loss incurred was partly mechanical and partly due to 
destruction. As far as we are aware no strictly quantitative experiments have 
since been carried out to demonstrate whether the growth with the “fat-free” 
milk observed by McCollum, Simmonds and Steenbock was due to the presence 
of the fat-soluble vitamins present in the residual fat of the skim milk, which 
we presume their milk contained, or whether one or both of the fat-soluble 
vitamins of milk-fat is really appreciably soluble in water. The nature of an 
enquiry in which one of us (S.S.Z.) is at present engaged necessitated that 
this should be satisfactorily established and the experiments described in 
this communication were undertaken with this end in view. 

Methods. 

The morning milk from a typical herd of nine short-horn cows, which are 
kept for the study of normal milk at the National Institute for Research in 
Dairying, Shinfield, Berks., was used in this experiment. The sample was 
collected on May 13th, 1929, The cows were on pasture day and night and in 
addition received a mixture consisting of dried grains two parts and yellow 
maize germ meal one part. 
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This concentrate mixture was given to six cows which were in full milk, 
in quantities which averaged 6*5 lb. per day per cow, varying from 0 to 12 lb. 
according to the milk yield. 

The milk contained 3 % fat and 12-05 % total solids. 25-75 lb. of the whole 
milk was dried in a vacuum pan under diminished pressure (75-75 cm.) for 
5 hours; the temperature of the milk never rose above 36°. When the milk had 
reached a suitable concentration, the drying was continued in an evacuated 
desiccator over P 2 0 6 at 37° until the water content was 22*15 %. It w T as then 
transported to the Lister Institute, London, and kept there in the cold room 
during the entire testing period. Likewise the separated milk from 36*1 lb. of the 
original milk, containing 0*1 % of fat was concentrated to a water content of 
32*75 %. The separated cream was churned and the butter-milk thus obtained 
concentrated. The latter concentrate was added in equivalent quantities to the 
dried separated milk during the tests. The butter contained 11-7 % water. The 
dried milks were acid and had an odour of butyric acid. 

In the butter, vitamin A was determined as previously described [Golding, 
Soames and Zilva, 1926] by the modified Steenhock method, daily doses of 
0-1 g., 0*2 g. and 0*6 g. being employed. The estimation of vitamin A in the 
whole and in the skim milk plus butter-milk was carried out by administering 
daily the dose of dried milk mixed with an equal quantity of the basal diet [see 
Golding, Soames and Zilva, 1926] from which the caseinogen had been elimi¬ 
nated. After the animals had consumed the dose, the basal diet was offered 
ad lib . In the case of the whole milk, doses approximately equivalent to 0*05 g., 
0*1 g. and 0*2 g. and in that of the skim milk plus butter-milk to 0*2 g., 0-5 g. 
and 0*7 g. of butter were tested. The animals apart from their doses consumed 
their basal diet willingly and in ample quantities (12-15 g. ]>er diem). 

Vitamin 1) in the w r hole and in the skim milk could not be assayed by a 
method in which McCollum’s diet No. 3143 was used, because the daily con¬ 
sumption of the necessary quantities of dried milk equivalent to the butter 
doses would have also entailed the consumption of significant quantities of 
phosphorus, in which this diet is characteristically deficient. In fact, pre¬ 
liminary tests have actually shown that no satisfactory results could be ob¬ 
tained under the circumstances. Recourse was had to another method, namely 
that of Soames and Leigk-Clare [1928]. This method is based in the main on the 
increase in weight in young rats produced by the addition of vitamin I) to a 
diet free from this vitamin but otherwise adequate. The basal diet employed 
in this research was Soames and Leigh-Clare's diet No. 2 and w r as made up as 
follows: 

Parts by weight 


Wheat starch . 43-7 

Inactivated caseinogen ... 14-3 

Cotton seed oil (hardened) 12*4 

Yeast . 8*0 

Salt mixture . 5*0 

LezUon juice . 5 0 

Wheat germ . 20 0 

Water . 500 
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The daily doses of dried milk were given in equivalent quantities of the 
following mixture: 

Parts by weight 


Starch. 79 

Hardened cotton seed oil ... 21 

Yeast. 14 

Salt mixture. 9 

Lemon juice. 9 

Wheat germ. 36 

The dried whole or skim milk 125 

Water. 82 


After the consumption of the test dose, the above basal diet was offered 
ad lib. and quantities adequate to induce good growth in presence of sufficient 
vitamin D were consumed by the animals. In addition to the growth index, 
the ratio (AjR ratio) of the amount of mineral ash to the amount of organic 
material contained in the fat-extracted bone [see Chick, Korenchevsky and 
Roscoe, 1926] was also determined as suggested by Soames and Leigh-Clare. 


Discussion of results. 

Vitamin A. 

The skim milk to which, as already mentioned, the butter-milk from the 
churning of the butter was added, contained of course a certain amount of the 
milk-fat. Thus the highest dose of 2-8 g. which was equivalent to 0-68 g. of 
butter contained 0-066 g. of fat, the second dose of 2-1 g. which was equivalent 
to 0-51 g. of butter contained 0-050 g. of fat, and the lowest dose of 0-7 g. which 
was equivalent to 0-17 g. of butter contained 0-016 g. of fat. Were any appre¬ 
ciable quantity of vitamin A associated in the milk after separation or in the 
butter-milk after churning with constituents other than fat, or should the 
vitamin have been more concentrated in the residual fat than in the butter, it 
would have been reflected in the growth curves of the rats receiving the “skim 
milk.” By examining the growth curves of these animals, however (Fig. 1), it 
is seen that this was not the case, but that the growth obtained was more or less 
proportional to the residual fat present in the doses. Thus the lowest dose 
containing 0-016 g. of residual fat induced no appreciable growth, but the higher 
doses gave much better growth. This is particularly marked in the case of the 
highest dose containing 0-066 g. of residual fat. In fact the growth obtained 
with this dose was almost as good as that obtained with 0-1 g. of the butter 
(group VI, Fig. 2), which suggests that the minimum dose of milk-fat lies be¬ 
tween these quantities. The weight curves of the rats receiving the whole milk 
(Fig. 2) also indicate that the vitamin A content of the doses was proportional 
to their milk-fat content, since the daily minimum amount of milk-fat necessary 
to induce optimum growth lies in this case between 0*05 g. (group III, Fig. 2) 
and 0*10 g. (group II, Fig. 2), a minimum also indicated by the growth curves 
obtained with the “skim milk” and with the butter. 
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Vitamin D. 

Although the limitations of the method for the determination of vitamin D 
employed in this research have not yet been fully studied, we are of the opinion 
that the results obtained leave little doubt that, as in the case of vitamin A, 
vitamin I) is associated entirely with the milk-fat. The growth-promoting 
capacity of the skim milk was again proportional to the amount of residual fat 
present in the dose. In these tests the minimum daily dose which induced 
optimum growth (as compared with the positive control group) was between 
0*05 g. and 0*066 g. (groups II and I, Fig. 5), which was also more or less the 



Group I. Positive controls; 5 drops of cod-liver oil daily. 
Group II. Negative controls. 


minimum dose indicated by the whole milk and butter tests (Figs. 3, 4 and 6). 
The analysis of bones of these rats (Table I and Fig. 7) showed that the AjR 
ratios were also more or less proportional to the amount of milk-fat present in 
the dose. These experiments showed that an optimum average AjR ratio was 
attained only when the rats received a daily dose of (>2-0*6 g. of butter, a dose 
higher than that required to induce optimum growth. The animals on a dose of 
dried “skim milk f> containing 0*066 g. of milk-fat (group IX, Fig. 7) showed 
a somewhat higher average AjR ratio than the animals receiving 0*1 g. of 
butter equivalent to 0*088 g. of fat (group I, Fig. 7) 1 . This, however, we con¬ 
sider as an error inherent to the method rather than an indication that the 
residual fat in the skim milk was more potent than the butter-fat. 

1 Also the animals on the dose 21 g. of dried skim milk containing 0*05 g. of milk-fat showed 
a slightly higher ratio than the animals receiving the dose 0*25 g. of whole dried milk containing 
0*05 g. of fat. 

Biochem. 1930 xxrv 


44 



Table I. 


rfii l> X «P pH Oi 
I m rt w ^ ^ ^ 

H*i iH pH pH pH pH 

g'^&iiilgg 

l> <30 05 © •■h 
00 X 00 05 05 

^ T#< Tf ^ 





8 

cc S 3 5 

| ? 


^ IQ Tr ^ 

, W 
JO 

Hi 

H pH pH pH 

PH 

H< 

hhhh 

1 PH 


Sgg'fe'fe 

. 


fc'ctjgg 

£ 

Average 

eq co ^ 40 ep r- 
05 O w 05 ro 05 
"H* '<r ^ ^ ^ 

© 

g> 

498 

499 

500 

501 

502 

503 

*a>> 

a>-< 

Hi 

a 

> 

£ 

< 

BB>> 

►P M 

B 


§<*£; n.9 e»,g 
sigo^-f-aj 

jrbilli 


-Klin 


3 


© 

3P 

fi 

£ 

< 


<N 


•5 ^PH*tt 

^p 6 iIII 

* £3,3 §68 

CM 


f5.§$8£8SS 

•P) A M M A - M 

g g &l g &| 

« SjSgSgS 


■r 

■8 

■c 

ft 


<E>£2a 




Pi & &C § U O 
is «ia , C .os 

. . o fe ■§ &c*r 

bi; K (A -h -2 jj-j 

us £® -g =§9 
P--2 x> 8 © 0 
O 


fefc'gfe'gg 

■pi 1(5 © t- 00 © 
t» h« i> t> f- r» 
^ ^ ^ ^ ^ 
HHHK.HU 

hh*" ^ri 

Hi ** Hi 


£ 

< 


g 4 l“!i'S3 

««> g ® 11 “as 
■p SiSi 8©a 

O 


gfegfegt; 

ass!8;$!J2 

X X 00 00 X 00 
Tf ■’t rf rjt 

HHS.HHH 

~sC>£B 

•a T3 

■ g. . gT’S.* 

4> ^ - fi . «S 
* . <N fc 3 bc**r 

hi 

o w *s A cm ns 

9 c^3 pQ S 6 S 


3 
s < 
« 


^ ffp CC iO ? 


S S Pi X fr* 

40 «3 Jp 


P3 s s ss s s s 


h yf Tf 


H H>£!S* 

Hi »H H* Hi 


s 

ON«h»hio 
CO Y ^ ^ ^ JO 

3 


Hi 

PH PH PH PH HP 

Hi 

MpPHHNH 


fo s Jsi % pn 



O 

1 

cp r>» 00 © Q *-i 

Oi 

f 

eico^»occt- 

O O ® O ® (O 

'H ^ ^ ^ H ?!• 

4 

w K>>r'S 

Hi ^ ** Hi 

P> 

& 

< 

Hi Hi K* K*. Hi Hi 

^s^sa 


$ **> 

as 


&C 

<N 

6 


bC 

C0 

6 


•g f^22£g|S8£ 

C ^ pPHHHPiHMH 

f J ^g^ggi^g 

n .. 

58 £ 
w l 

525 


5 


> go « o ^ 

JQQQHPi 
) JO IQ «5 40 «© 


4 J 

>■ S 


a: .B © io io oo in ® © 

5L -g us ph is us -pi ns us 


s 


feg&;^g&;&;g 

3I53IIIIS i 
“-agfes-pgal 


jit 

II? 



THE FAT-SOLUBLE VITAMINS OF MILK 691 



Fig. 7. 

Percentage differences between average ratio of groups of animals and negative controls, ash/ 
organic residue, not fat. (Difference between average ratio of positive group receiving daily 
5 drops of cod liver oil and negative group of each series = 100 %.) 

Group I. Daily dose 01 g, of butter. 

Group H. Daily dose 0*2 g. of butter. 

Group III. Daily dose 0*6 g. of butter. 

Group IV. Daily dose 0*25 g. of dried whole milk, equivalent to 0 05 g. of butter and containing 
0*05 g. of milk-fat. 

Group V. Daily dose 0*50 g. of dried whole milk, equivalent to 0*10 g. of butter and containing 
0*10 g. of milk-fat. 

Group VI. Daily dose 1*0 g. of dried whole milk, equivalent to 0*20 g. of butter and containing 
0*21 g. of milk-fat. 

Group VII. Daily dose 0*70 g. of dried skim milk and butter-milk, equivalent to 0*17 g. of butter 
and containing 0*016 g. of milk-fat. 

Group VIII. Daily dose 210 g, of dried skim milk and butter-milk, equivalent to 0*51 g. of butter 
and containing 0*050 g. of milk-fat. 

Group IX. Daily dose 2*80 g. of dried skim milk and butter-milk, equivalent to 0*68 g. of butter 
and containing 0*066 g. of milk-fat. 


Summary. 

The results obtained in these experiments suggest definitely that the entire 
vitamin A and vitamin I) content of milk is associated with the milk-fat. There 
are no indications that these vitamins are more concentrated in one fraction 
of the milk-fat than in another, nor that there is a significant loss in either 
vitamin due to separating or churning, and consequently by testing the butters 
it is possible to obtain the approximate relative potency of milks. These 
experiments further suggest the utility of the Soames and Leigh-Clare method 
for the determination of vitamin D. The limitations of this method are being 
studied further. 

We are indebted to Miss Dearden for the churning of the milk. 
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V. The absence of the liver oil vitamin A from carotene. 

Thebe is now general agreement that carotene of the highest purity so far 
attained possesses intense vitamin A activity [Euler, Euler and Hellstrom, 
1928; Moore, 1929, 1,2; Collison, Hume, Smedley-MacLean and Smith, 1929; 
Kawakami and Kimm, 1929; Hume and Smedley-MacLean, 1930], and the 
negative results of early workers must be attributed either to failure to supply 
vitamin I) in the test diet, or more probably to insufficient precautions against 
oxidation of the pigment during the administration of the test doses. 

Nevertheless it has been obvious for many years that carotene cannot be 
identified with the vitamin A of liver oils, since this factor must presumably 
be an almost colourless substance, differing notably from carotene in its 
solubility and adsorption properties. Thus vitamin A, present in unknown 
amounts in the pale orange-coloured liquid concentrates of cod-liver oils, is 
readily soluble in almost all organic solvents, including methyl alcohol and 
natural fats. Carotene, on the other hand, although not greatly exceeding the 
best cod-liver oil concentrates in physiological activity, is so deeply pigmented 
as to appear almost black in the pure state, and is readily soluble only in such 
solvents as chloroform, carbon disulphide and hot cyclohexane, being sparingly 
soluble in natural fats and almost insoluble in methyl alcohol. Similarly 
carotene is much more readily absorbed from its solutions by charcoal than 
.vitamin A, the difference being so great as to afford an easy means of separation 
[Stephenson, 1920], It is necessary, therefore, to account for the possession of 
a common physiological activity by two very divergent sources, and in the 
first place to ensure that the activity of carotene is not due to the presence of 
the liver oil factor in an adsorbed state, or in some other condition that would 
alter its normal solubility properties. 

In supporting the contention that the activity of carotene samples might 
be due to contamination with the familiar form of vitamin A, Duli&re, Morton 



VITAMIN A AND CAROTENE 


093 


and Drummond [1929, 1] described a careful colorimetric and spectroscopic 
differentiation of carotene from the vitamin A of cod-liver oil. They found, in 
confirmation of Euler, Euler and Hellstrom, that the blue colours produced in 
the SbCIg reaction were of slightly different shade, that of carotene being 
characterised by an absorption band at 590/x/x, that of vitamin A by a band 
at 608-612 ^x/x, while in regard to the ultra-violet absorption spectra vitamin A 
was associated with a band at 320-330/x/x, which was absent in the case of 
carotene. Carotene and the vitamin were therefore certainly different, but 
since it was also found that less pure specimens of carotene, similar to those 
found active by other workers, differed but little in their spectroscopic be¬ 
haviour from highly purified samples, the additional suggestion was made that 
the presence of effective amounts of vitamin A in carotene might escape 
spectroscopic detection by reason of more intense superimposed absorption 
due to the pigment itself [Duliere, Morton and Drummond, 1929, 2]. 

Although Hume and Smedley-MacLean [J 930] have now shown that even 
the most carefully purified carotene exhibits vitamin A activity, provided that 
the test doses are made up in a solvent in which decomposition does not take 
place, the above criticism would still seem to apply, since the persistence of 
traces of the liver oil vitamin A in carotene of the highest melting point might 
well be concealed if the absorptions due to the pigment were in fact of relatively 
overwhelming density. Capper [1930] has already shown that this condition 
does not hold good in regard to the absorption band at 328/x/x. In the experi¬ 
ments described below it will similarly be shown that the blue colour given by 
carotene in the SbCl 3 reaction is of insufficient relative density to conceal the 
presence of effective amounts of the vitamin. This conclusion is in agreement 
with the previous qualitative observation that no sign of a maximum at 
610-630/x/x could be observed in the colours produced in the SbCl 3 reaction 
by highly active samples of carotene [Moore, 1929, 1]. 

Experimental. 

Method . Specimens of carotene (m.p. 174° and 178°) were compared colori- 
metrically with specimens of cod-liver oil concentrates (kindly supplied by 
Messrs Joseph Nathan and Co., Ltd., and Messrs Lever Brothers, Ltd.) using 
the technique previously described [Moore, 1929, 2]. The same materials were 
then tested biologically at doses graded to run parallel to the colorimetric values. 

Colorimetric results . The chromogenic activities of the various materials 
were determined several times in each case and may be approximately repre¬ 
sented by the following values 1 . 

1 Although the tintometer technique certainly yields results of great value to the individual 
worker some uncertainty must be felt in expressing the values so obtained on an absolute scale. 
Apart from avoidable complications arising from variations in temperature and reagent [Wokes 
and Willimott, 1927; Evers, 1929,1,2] or from accelerated fading due to the presence of unsaturated 
acids [Norris and Danielson, 1929; Norris and Church, 1930] a personal element cannot be excluded 
in matching the shades produced. The results presented in the test, however, were obtained with 
the utmost care on the same occasion, and can in any case be regarded as giving satisfactory 
relative values. 
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Carotene (m.p. 174°) 
» (m.p. 178°) 

Concentrate A 


Blue units per rag. per “1 cm. cube ” 
SbCl 3 reagent 
180 at 590w 
180 

180 at 610-630/i/a 


Biological tests . The biological work was carried out in several separate 
sections, rats nos. 1, 2, 3, 4 (albinos), nos. 5, 6, 7, 8, 9, 10, 11, 12 (albinos), 
nos. 13, 14, 15 (piebalds), and nos. 16 (piebald), 17, 18, 19 (albinos), being used 
in successive series of experiments. The usual curative technique was invariably 
employed, all the animals receiving the vitamin A-free diet previously em¬ 
ployed, with the exception of rats nos. 13, 14, 15, which were kept under the 
care of Miss V. R. Leader at the Sir William Dunn Institute, where they re¬ 
ceived a slightly different basal diet (casein ogen 23%, rice starch 40%, 
cane sugar 17 %, palm kernel oil 15 %, salt mixture 5 %, + marmite extract 

7*5%). 

Since all the materials had been found in earlier experiments to give 
positive results at 0*01 mg. per rat daily, attention was directed to dosages 
slightly below this level. The test doses were made up in arachis oil, one of the 
carotene samples (m.p. 174°) being dissolved by warming in the oil, the other 
(m.p. 178°) being added to the oil in hot cyclohexane, which was then removed 
under diminished pressure. During the experiment all the test solutions were 
kept in cold storage except when actually in use, and to ensure that no serious 
deterioration had taken place were tested by the SbCl 3 reagent at the con¬ 
clusion of the experiment. The growth curves obtained are shown in Fig. 1. 


Discussion. 

In the above experiments carotene was found to be effective at levels down 
to 0*004 mg. per rat per day, while, with the exception of a single rat recovering 
on 0*002 mg., lower doses were found to be ineffective. The more active of the 
two concentrates tested was effective in curing a single rat at 0*0033 mg. but 
negative results were obtained in all other cases. It would thus appear that 
weight for weight the carotene samples were of slightly greater biological 
activity than the concentrate. 

From the parallel colorimetric determinations 0*004 mg. of carotene may 
be considered equivalent to 0*7 Lovibond blue unit at 590/xju, while 0*0033 mg. 
of concentrate A corresponds to 0*9 blue unit at 610-630/x/x. The colour value 
given by a minimal dose of the pigment therefore appears to be slightly smaller 
than that given by a minimal dose of concentrate. Since the possibility of the 
concealment of effective amounts of the liver oil vitamin A in carotene would 
imply that the colour value given by a minimal dose of carotene should be 
much greater than that given by a minimal dose of the concentrate this result 
affords strong evidence against this view. When in addition the work of Capper 
on the absence of the 328/x^x absorption band from carotene is taken into 
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account the only reasonable conclusion to be reached is that the activity of the 
pigment certainly cannot be attributed to direct contamination with vitamin A, 
or at least with the chromogen associated with that factor in liver oils. 

CAROTENE CONCENTRATES 


0 001 IM 0-004 mil 

Ci* e 

-adieu*** o? iu 


/ WJ il 

f 0 WHS Can 



Ho 11$ / N 

i'l r,f o«n 0OOW9">i; Can */ oow , 



Fig. 1. The relative vitamin A potencies of carotene and cod-liver oil concentrates. 
B.U.»Lovibond blue ( u 1 cm. cube”) unit. Cart. A = carotene (m.p. 174°). 
Cart* carotene (m.p. 173°). Cone. A, B=concentrate A, B. 
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VI. The conversion of carotene to vitamin A in vivo . 

The question was once raised by Palmer [1919] as to whether it was logical 
to test the physiological activity of carotene in an animal, such as the rat, from 
which it was invariably absent. Answering the question in the negative Palmer 
and Kennedy [1920] attacked the question of the alleged identity of carotene 
with vitamin A by indirect means, and succeeded in proving conclusively that 
rats could thrive on diets almost completely freed from carotenoids. The 
assertion was therefore made that the pigment and vitamin were 4 ‘neither 
identical nor necessarily associated.” 

The work of Euler, Euler and Hellstrom on the activity of carotene there¬ 
fore seemed in conflict with preconceived ideas of the nature of the vitamin, 
while the later statement [Euler, Euler and Karrer, 1929, 1, 2] that excess of 
carotene could be stored in considerable amount in the liver oil of the rat was 
in direct contradiction to the finding of Palmer and Kennedy 1 . The Swedish 
workers, however, realised that carotene and the vitamin A of cod-liver oil 
were not identical, and suggested that several substances of carotenoid or 
“polyene” type might possess vitamin A activity. 

In the first paper of this series [Moore, 1929, 1] it was pointed out that the 
“polyene” theory would imply an unexpectedly low order of specificity in 
vitamin A action, and the alternative suggestion was made that a chemical 
relationship between carotene and the vitamin might exist. Preliminary 
experiments supporting this view have already been described elsewhere 
[Moore, 1929, 3]. In the present paper more extensive evidence on the same 
point is presented. 


Experimental method. 

The method adopted in proving the conversion of carotene to the vitamin 
was essentially as follows. Young albino rats were “run out” upon a basal 
diet deficient in vitamin A [Moore, 1929, 1] until the “plateau” condition 
indicative of exhaustion of reserves of the vitamin w r as attained. Certain of 
the rats were then killed in this condition. To the remaining rats, varying 
amounts of carotene, either in the purified state or as red palm oil or carrots, 
were administered until complete cures and considerable increases in body 
weight had been effected. These rats were then killed. 

The livers of all the rats were dissected out, finely minced, and mixed 
With twice their bulk of 5 % aqueous KOH, after which they were placed in 
cold storage until a suitable opportunity for examination arose. Even pro- 

1 (Note added in proof.) In a recent communication accessible to the present author only 
after the above paper went to press, Euler and Rydbom [tfvettsl*. Kemisk. Tidshrift, 1020, 41, 
223] have shown that when rabbits are fed carrots or carrot extracts a 4i pale yellow coloured 
carotenoid,* 1 and not carotene, is stored in the liver. Although no attempt has been made to 
identify this “carotenoid ” with the classical vitamin A, it is obvious that this result is In 
complete agreement with the experimental findings described in the present paper in the case 
of the rat. 
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onged storage did not lead to deterioration, although in most cases examina¬ 
tions were carried out in the course of a few days. On removal from cold storage 
the gelatinous masses were gently warmed until almost complete solution of 
the liver tissues was effected. The solutions were then extracted four times with 
about twice their volume of ether. The combined extracts in each case were 
washed thoroughly three times with water, and if necessary dried by shaking 
with anhydrous Na 2 S0 4 . The ether was then removed by evaporation under 
diminished pressure in a current of nitrogen, and the residual liver oils tested 
immediately for carotene and vitamin A by colorimetric methods. 

The colorimetric differentiation of carotene from vitamin A. 

It should be noted that, since carotene and the liver oil vitamin A both 
give positive results when tested biologically, it is unavoidable that resource 
to colorimetric data should be made in studying the conversion of one to the 
other. The validity of the colour reaction of the vitamin has indeed been ques¬ 
tioned from time to time by several workers, but Drummond and liis colleagues 
[see Ahmad and Drummond, 1930] have generally shown that such criticisms 
have been quite unjustified. 

Suppose we compare the natural yellow' colour of carotene itself in chloro¬ 
form solution with the blue colours which it produces when it is dissolved in 
the same volume of SbCl 3 reagent. A yellow to blue ratio of about 11 to 1 is 
then found. (The yellow colour of the sample tested is replaced on treatment 
with the SbCl 3 reagent by a much less intense blue colour.) On the other hand, 
when we compare the faintly yellow colours of cod-liver oil concentrates with 
the corresponding SbCl 3 blue colours a ratio yellow to blue of about 1 to 100 
is found. (The concentrate when so dilute as to be almost colourless will 
produce on treatment with the SbCl 3 reagent an intense blue colour.) Thus 
when one constituent is present in a {given material in predominant amount 
the yellow to blue ratio suggests at once whether this constit uent is a carotenoid 
or the almost colourless vitamin, while in the case of equal mixtures a rough 
working approximation as to the probable proportion is afforded. 

In the present work the yellow 7 to blue ratio wras used as a first indication 
of the nature of the chromogen present in the liver oils. Results were then 
confirmed by the position of the absorption band produced in the SbCl ;t 
reaction (carotene 590 jifi\ vitamin A 610-~(>30 fx/i). Certain samples w r ere then 
despatched to Mr N. S. Capper for examination in regard to the ultra-violet 
absorption, while others were employed in biological tests. 

Results. 

The results obtained are shown in Table I. It will be seen that the liver oils 
of rats nos. 1 to 10, which had either died or been killed in a condition of acute 
avitaminosis A, invariably gave negative results when tested with the SbCl 3 
reagent. The liver oils of rats nos. 11 to 14, in w’hich growth had been restored 
by small doses of carotene, similarly gave negative results, as indeed w r ould be 
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expected at levels sufficient to meet immediate needs but insufficiently liberal 
to permit storage of tbe vitamin. On the other hand, in the case of the liver 
oils of rats nos. 15 to 22, which received either purified carotene, red palm oil, 
or fresh carrots in considerable excess of the minimal dosage, strongly positive 
reactions were given, which in all cases could be attributed to the appearance 
of large amounts of vitamin A, and not to the storage of unchanged carotene. 

Since the strongest evidence in favour of the conversion must be derived 
from those cases in which carotene of the highest purity was used, special 
attention may be first directed to rats nos. 15 to 18 which received carotene 
(m.p. 178° uncor.) which had been obtained from carrots and recrystallised 
twelve times from cyclohexane, operations being conducted for the most part 
in an atmosphere of nitrogen. The pigment was added in cyclohexane to the 
arachis oil used in compounding the basal diet, the cyclohexane being removed 
under diminished pressure. After having attained the “plateau” condition 
each rat received the carotene during from 16 to 26 days at the rate of 0-75 mg. 
per 10 g. of diet eaten, which was the average amount consumed daily. At 
autopsy, despite very liberal amounts of pigment ingested, the body fat 
was always found to be quite colourless, apart from occasional small loci 
in regions where the intra-peritoneal fat lay in contact with the gut wall. The 
liver oils were certainly yellower than the liver oils of the control rats which had 
received no carotene, but these increases in yellow values were trivial when 
contrasted with the enormous concentration of yellow pigmentation that would 
have been expected if the intense blue colours ndw given in the SbCl 3 reaction 
had been due to unchanged carotene. The following observations confirm the 
view that conversion had been effected. (1) These blue colours were now 
characterised in all cases by a well-defined band at 610-630 /x/x, the position 
characteristic of vitamin A, and not at 590/x/x, the position characteristic of 
the ingested carotene. (2) In preliminary work by Mr N. S. Capper (private 
communication) it was found that the^ untreated liver oil now displayed the 
absorption band at 320-330/x/x characteristic of vitamin A. (3) As a final 
precaution against the possibility that the chromogen should represent an 
inactive degeneration product of the pigment the vitamin A activity of speci¬ 
men liver oils was confirmed by biological tests (Fig. 2). 

Ip regard to rats nos. 18 to 22 which received even more liberal supplies of 
carotene as red palm oil or carrots, similar results were obtained, in which the 
yellow and blue values of the liver oils attained somewhat higher levels. For 
example the liver of rat no. 21, which had received during several weeks a diet 
consisting largely of carrots, was bright orange in colour. Such obvious pig¬ 
mentation might at first sight be taken to support the claim of Euler, Euler and 
Karrer that the carotene had been stored in an unchanged condition, but it 
may be pointed out that the blue value of the liver oil would have corresponded 
to the presence of about 80 mg. of the pigment, i.e . the liver oil would have 
appeared deep crimson and would have deposited crystalline carotene freely 
on standing. 
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Expression of results . 

The colorimetric examination of the liver oils was carried out according to 
the technique previously described [Moore, 1929, 2], The method of expressing 
results may be explained most simply by an actual example. 

Rat no. 18. Liver oil dissolved in 10 ce. chloroform. 

Yellow units . The colour of this solution was matched by Lovibond glasses 
4 yellow, 0*7 red. Therefore total number of yellow units in liver = 4x 10 
(volume of solution in cc.) = 40 units. 

Blue units. 0*05 cc. of the above solution was made up with washings of 
chloroform to 0-5 cc. SbCl 3 reagent (2 cc.) was then added. The resulting blue 
colour was matched by Lovibond glasses 4 0 blue, 1-0 yellow r (average of 
several readings). Therefore total number of blue units 

^ 4.0 x .2- 5 (volume of reaction mixt ure) x ]Q (volume of the original solution) 

0*05 (volume of solution used in test) 

= 2000 units. 



Days 

Fig. 2. The vitamin A activity of the liver oils of rats (no. 15 and 18 of Fig. 1 ) which had 

received excess of carotene. 

Doses are expressed in Lovibond blue (“ 1 cm, cube ”) units. Rat no. 3 was completely cured of 
severe xerophthalmia and a septic cheek. N.B. Rat no. 4 received an ineffective material 
in a separate experiment during the period indicated by the broken curve. 

It should be noted that the yellow and blue values so expressed are directly 
comparable. The method of calculation will be seen to be exactly the same in 
each case when it is remembered that the addition of the SbCl 3 reagent in 
obtaining the blue value necessarily involves a further dilution of the chromo¬ 
gen. 
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Table I. Analyses of liver oils for vitamin A and carotene. 







Total Lovibond 

Total Lovibond 

Total yel- 






units ingested 

units found 

low units 






by rat 

in liver 

to be ex* 










pected in 



No. of 


No. of 

Blue 


Blue 


liver if 



days on 


days of 

units in 


units in 


blue 



vitamin 


earo- 

SbClj 

Yellow 

SbCl, 

Yellow 

chromogen 

Rat no. 

Body wts.: initial; 

A-free 

Dosage of 

tene 

reagent 

units in 

reagent at 

units in 

were 

and sex 

plateau; final (g.) 

diet 

carotene (mg.) 

feeding 

at 590 fijjt 

CHC1 8 

610-630^ 

CHClj, 

carotene 



Rats receiving vitamin A*free diet. No treatment. 




1 <J 

54,171,124 (D) 

77 

— 

— 

— 

— 

0 

4 

— 

2 S 

41,121,105 (K) 

67 

— 

— 

— 

— 

0 

9 


3 $ 

45,105, 89 (K) 

67 

— 

..... 

— 

—■ 

0 

5 

— 

4 $ 

42,119,109 (K) 

51 

— 

— 

— 

— 

0 

0 

— 

5 cJ 

54, 99, 92 (I>) 

33 

— 

-- 

— 

— 

0 

2 

— 

6 $ 

31, 58, 58 (D) 

20 

— 

— 

. 

— 

0 

2 

— 

7 $ 

33, 60, 45 (D) 

39 

— 

— 


*— 

0 

1 

---- 

8 $ 

85,127, 105 (K) 

54 

— 

— 

— 

— 

0 

5 


o <? 

140, 167,145 (D) 

50 

— 

— 

— 

— 

0 

10 


10 $ 

62,100, 77 (D) 

54 


— 

— 

— 

0 

3 

— 



Rats cured by small doses of carotene (m.p. 174°). 




li $ 

45, 111, 133 (K) 

54 

0-02 

20 

70 

770 

0 

10 

0 

12 $ 

51,128,178 (K) 

47 

0-01 

43 

80 

880 

0 

16 

0 

13 $ 

52,114,133 (K) 

53 

0*05 

45 

400 

4,4(X) 

0 

7 

0 

14 $ 

”, 89, 89 (K) 

— 

0-5 

3 

270 

3,000 

0 

23 

0 



Rats 

cured by large doses of carotene (M.r. 178°). 




15* 

38, 95, 159 (K) 

41 

0-75 

16 

2,200 

24,000 

2,000 

90 

22,000 

16* $ 

33, 95,139 (K) 

41 

0-75 

22 

3,000 

33,000 

3,300 

110 

36,000 

17 $ 

36, 66, 106 (K) 

29 

0-75 

26 

3,500 

30,000 

3,700 

100 

41,(XX) 

18 

41, 76,137 (K) 

28 

0-75 

20 

3,500 

39,000 

2,000 

40 

22,000 




Rats cured by red palm oil. 





19 

33, 73,152 (E) 

29 

R.P.O. 1*5 g. 

26 

12,000 

130,000 

5,(XX) 

280 

55,(XX) 

20*$ 

38, 94, 127 (E) 

41 

R.P.0.1*5 g. 

16 

7,400 

83,000 

4,500 

400 

50,000 




Hats cured by fresh carrots. 





21 $ 

35, 86,147 (E) 

56 

Carrots ad lib. 

55 

? 

? 

16,OCX) 

600 

380.000 

22 

49,114, 153 (K) 

71 

tt 

35 

? 

? 

5,300 

250 

58,000 


D 

® Died. 




K» 

Killed. 




* Those rats were first cured by very minute doses of carotene before the larger amounts were given. 


In calculating the colour value of the ingested pigment in Table I the values 
for both samples of carotene have been taken as blue = 180 units per mg. 
per cc., yellow = 2000 units per mg. per cc. 

Discussion. 

The above results afford a complete picture of the conversion of carotene 
in vivo to the familiar vitamin A of liver oils, as defined by all the chromogenic 
and spectroscopic properties which have been found to run parallel to this 
factor. The details of the conversion may be summarised as follows: 


Carotene 

Synthesised in plant 
Intensely yellow 

absorption band absent 
Greenish blue SbCl 8 reaction at 590/ift 


Vitamin A 
Stored in animal 
Almost colourless 
32Sgn absorption bond developed 
Vivid blue SbCl 8 reaction at 610-630/x/* 


This evidence could be regarded as conclusive if it could be stated with 
certainty that the carotene used was completely pure. Upon this point, how¬ 
ever, doubts might be raised, since Euler, Karrer and Rydbom [1929] have 
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advanced certain evidence, based upon supposed variations in the activity of 
different samples of carotene, which raises the question as to whether the 
activity of the pigment may not after all be due to the presence of a “ stubbornly 
adhering ” impurity active at about the same level as vitamin D. The danger of 
this possibility was indeed pointed out by the writer [Moore, 1929, 4] at a time 
w r hen Euler, Euler and Hellstrom were satisfied with the chemical purity of their 
carotene, but it is now obvious that this view in its simplest form would imply 
a complete rejection of the chromogenic evidence, since it is obvious that the 
same chromogen cannot be present in both carotene and cod-liver oil. It 
should be noted that the evidence of Euler, Karrer and Rydbom [1929] is 
based on small variations in the growth rates of rats and in blue values deter¬ 
mined by the tintometer technique. Results obtained by both these methods 
are notably open to considerable experimental errors, and must therefore be 
of very doubtful significance. 

A point of greater interest, however, arises from the statement of Drum¬ 
mond and Baker [1929] that vitamin A probably constitutes only a minute 
fraction (10 % and probably much less) of even the most potent liver oil 
concentrates. Experiments described above (Part V) have shown that the 
minimal dose of carotene is only slightly lower than that of the most active 
concentrates, which may actually exceed the pigment in regard to chromogenic 
activity. From this evidence it might be expected that the activity of carotene 
would similarly be derived from a small fraction of the total pigment. Two 
alternative possibilities, however, may be borne in mind, either that the 
conversion of carotene may be of an inefficient character, or that the estimate 
of Drummond and Baker may be unduly low. For the present the evidence 
does not seem of sufficient weight to justify any serious doubt that the physio¬ 
logical activity of carotene is not derived from the pigment per se. 


Summary. 

Part V. 

1. The SbClg colour reaction given by a minimal physiological dose of 
carotene at 590/x/x is slightly less than that given by a minimal physiological 
dose of the vitamin A of liver oil at 610-630/x/x. 

2. It is therefore impossible that the colour reaction of carotene could 
conceal any underlying colour reaction due to the liver oil vitamin A in such 
amounts as would account for its physiological activity. 

Part VI. 

1. The liver oils of rats suffering from vitamin A deficiency invariably gave 
negative results when tested with the SbCl 3 reagent. 

2. Rats after depletion of vitamin A were cured by the administration of 
large excess of carotene (12 times recrystallised from cyclohexane, m.p. 178° 
unoor.), red palm oil, or fresh carrots. Traces of yellow pigment now appeared 
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in the liver oil but the predominant chromogen present (99 %) was invariably 
vitamin A, as characterised by (a) absence of such intense yellow pigmentation 
as must have accompanied the storage of carotene as such; (b) an intensely 
positive SbCl 3 reaction showing a marked band at 610-630/t/a; (c) the develop¬ 
ment of an absorption band in the untreated oil at 328/qu; (d) intense 
biological activity. 

3. The conclusion must therefore be reached that carotene, or some part 
thereof, if it should later prove to be heterogeneous, behaves in vivo as a 
precursor of the vitamin. 

My thanks are due to Dr L. J. Harris for his valuable criticism, to Mr T. A. 
Webster for advice on the extraction of liver oils and to Messrs Chivers and 
Sons, Limited, for drying the large quantities of carrots from which the carotene 
used in this experiment was derived. The care of the experimental animals was 
in the capable hands of Mr A. Ward. 
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LXXX. PHOSPHORIC ESTERS IN ALCOHOLIC 
FERMENTATION. 

III. THE LAG BETWEEN PHOSPHATE ESTERIFICATION 
AND CARBON DIOXIDE EVOLUTION. 

IV. OXIDATION-REDUCTION POTENTIALS OF 
YEAST PREPARATIONS. 

By ERIC BOYLAND (Beit Memorial Research Fellow). 

From the Biochemical Department, Lister Institute , London. 

(Received May 5th, 1930.) 

III. The lag between phosphate esterification and carbon 
dioxide evolution. 

Euler and Johansson [1913] were the first to suggest that in the reaction 
of phosphate with yeast preparations fermenting sugar the phosphate was 
esterified some time before the equivalent carbon dioxide was liberated. These 
workers considered that a preliminary activation of sugar, followed by forma¬ 
tion of hexosediphosphate and a triosemonophosphate, was responsible for the 
lag in evolution of gas. In addition to the lag between the reactions of phos¬ 
phate esterification and carbon dioxide formation there is a delay in the esteri¬ 
fication after the phosphate is added. When yeast preparations (particularly 
maceration extract and preparations containing much water) are added to 
sugar there is a considerable induction time before any fermentation occurs; 
the free phosphate present in the preparation then reacts during the period 
called the “Garanstieg” by Meyerhof [1918]. This induction period and the 
“Garanstieg ” caused by the free phosphate inherent in preparations are not 
discussed in the present work. 

In a recent paper on the reaction of phosphate with dried yeast fermenting 
fructose [Boyland, 1929] a lag similar to that of Euler and Johansson was 
described. This lag between the processes of esterification and carbon dioxide 
formation was not due to physical causes such as supersaturation, and it was 
suggested that it was due to the relatively slow decomposition of products 
formed after, or simultaneously with, phosphate esterification. The nature of 
this lag is investigated in the following experiments. 

Harden and Young [1908] showed that in the reaction of phosphate with 
yeast preparations the time necessary for the attainment of the maximum rate 
of carbon dioxide evolution was much greater with glucose than with fructose, 
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and that this time could be reduced by the addition of relatively small quantities 
of fructose [Harden and Young, 1909]. Harden and Henley [1920,1921] found 
that this time was much reduced by the addition of hydrogen acceptors such 
as methylene blue, pyruvates or aldehydes. Acetaldehyde was the most active 
agent in this way, being about fifty times as efficacious as fructose. Under 
almost all conditions the reaction of one molecule of phosphate in fermentation 
yields one molecule of carbon dioxide, whether monophosphoric or diphos- 
phoric ester is formed. Combining the recent ideas of Harden [1930] with those 
of Neuberg and Kerb [1913], the sequence of fermentation in presence of a 
trace of aldehyde might be represented as follows: 

(1) 3C 6 H ia O fl + 2R*HP0 4 = 2C e H n 0 8 (P0 4 R 4 ) + 2CH 8 .CO.CHO + 4H a O, 

(2) 2C 8 H n 0 5 (P0 4 R 8 ) + C e H lfi O fl + 2R 2 HP0 4 = 2C e H 10 O 4 (PO 4 R 2 ) 2 4- 2CH 3 .CO.CHO + 4H a O, 

(3) CH 8 . CO. CHO + CH 3 . CHO = CH a . CO. COOH + C 8 H 8 OH, 

(4) CH 8 .CO.COOH = CH a .CHO + C0 8 . 

Of these reactions the only one likely to be affected by hydrogen acceptors 
is the oxidation of methylglyoxal to pyruvic acid (equation 3), and as hydrogen 
acceptors have such a marked effect on carbon dioxide evolution this oxidation 
is probably the slowest or controlling stage in the beginning of the reaction of 
phosphate. It should therefore be responsible for the lag in the appearance 
of carbon dioxide after phosphate esterification and for this reason the effect 
of glucose, fructose and hydrogen acceptors on the lag was examined. 

Experimental* 

The preparation used in most of these experiments was the “zymase” free 
from phosphatase, made by the acetone precipitation of yeast juice, which has 
previously been described [Boyland, 1930]. It was possible to obtain reliable 
preparations free from hexosephosphatase by grinding the yeast juice pre¬ 
cipitate with half its weight of kieselguhr together with the sugar and water 
necessary for the fermentation. The whole was then centrifuged and the clear 
centrifugate used for the fermentation. Harden and Macfarlane [1930] have 
indicated that hexosephosphatase is probably adsorbed by kieselguhr. 

The methods used were largely the same as those of previous experiments, 
the analytical procedure being identical. When hydrogen acceptors were 
added, the addition was made 15 minutes before the addition of phosphate. 
The concentrations of the added substances are calculated on the final volume 
of the fermenting solution after the addition of phosphate. 

Effect of hydrogen acceptors on the reaction. 

The experiments of Table I, in which the lag is expressed as the difference 
between the phosphate esterified and the carbon dioxide evolved at any par¬ 
ticular time, show that hydrogen acceptors cause a marked increase in the rate 
of reaction of phosphate, without diminishing the amount of lag as measured 
by molecular concentrations. Hydrogen acceptors sometimes increase the lag 
in amount, though not the period during which it persists; it may be possible 
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Table I. The lag between phosphate esterification and carbon dioxide 
evolution in fermentation with the acetone precipitate of yeast juice. 

In each case 1 oc. 2 M K,HP0 4 added to 2 g. yeast preparation in 20 cc. sugar solution. 


Results in total millimole. 


Time after phosphate addition (mins.) 

5 

10 

20 

30 40 

50 

60 

70 

Exp. 180 

Glucose alone 

P esterified 

0-08 

020 

— 

0-83 — 

1-65 

2-00 

2-00 


CO, evolved 

— 

0-09 

— 

0-63 — 

1-55 

2-10 

2-10 


Lag 

0-08 

0-11 

— 

0*20 — 

0-10 

— 

— 

Exp. 203 

Fructose alone 

P esterified 

0-10 

0-25 

— 

0-84 — 

1-90 

2-00 

— 


CO, evolved 


0-12 

— 

0*70 — 

1-82 

2-06 

— 


Lag 

0-10 

0-13 

— 

014 — 

0-08 

— 

— 

Exp. 204 

Fructose with 

P esterified 

0-12 

0-28 

_ 

115 — 

1-99 

1-99 

_ 

methylene blue 

CO, evolved 

— 

0-10 

— 

0-90 — 

1-94 

2-03 

— 

(005 %) 

Lag 

0-12 

0-18 

— 

0-25 — 

005 

— 

— 

Exp. 191) 

Fructose with 

P esterified 

0-30 

0-80 

1-G0 

1-96 — 

— 

— 

— 

acetaldehyde 

CO, evolved 

0-16 

0-04 

1 -50 

1 97 — 

— 

— 

-- 

(0*15 %) * 

Lag 

014 

0-16 

0-10 

— 

— 

— 

— 


Table II. The effect of varying concentrations of acetaldehyde on the lag. 

10 cc. 0-6 M K 2 HP0 4 added to 4 g. dried yeast in 30 cc. 10 ° 0 fructose. 
Concentrations expressed as molecules per litre. 

Change after 20 minutes' reaction 


Concentration 
acetaldehyde 
Nil 
0015 
0030 
0 045 
0000 
0-075 


P es to rified 
0-017 
0-022 
0-030 
0-037 
0-043 
0-042 


CO, evolved 

0*009 

0-025 

0-024 

0-024 

0018 


Difference or lag 
0017 
0-013 
0-011 
0-013 
0019 
0 024 


that in the presence of certain concentrations of acetaldehyde, pyruvic acid 
is formed more quickly than it can be decomposed by the carboxylase, and 
under such conditions the decarboxylation would become the master reaction. 
The lag occurs in the reaction with all the yeast preparations examined (acetone 
precipitate of yeast juice, yeast juice, zymin and dried yeast). It varies in 
extent with different preparations and must depend upon the balance of 
enzymes present. It is greater with larger additions of phosphate and it cannot 
be much reduced by any concentration of acetaldehyde. Table II shows the lag 
with dried yeast fermentations with varying concentrations of acetaldehyde. 
The results are also set out in Fig. 1 and the optimum concentration of acet¬ 
aldehyde is fairly well marked. 

As this lag is not removed by hydrogen acceptors—which increase both the 
rate of esterification and of carbon dioxide evolution— and is fairly constant 
in amount for any one preparation, it is probable that esterification is normally 
arrested by accumulation of methylglyoxal. The removal of methylglyoxal 
(by oxidation at the expense of hydrogen acceptors) allows more sugar to be 
esterified. 

Bioohem. 1030 xxiv 
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Triose in the reaction. 

If the lag in fermentation is due to the relatively slow oxidation of methyl- 
glyoxal, then that compound should accumulate in fermentation when the lag 
is at its greatest. The triose present during the reaction was therefore estimated 
by the distillation method described by Neuberg, Farber, Levite and Schwenck 
[1917]. The filtrate from the trichloroacetic acid precipitation was distilled with 
10 % sulphuric acid, while water was dropped in to keep the concentration of 
sulphuric acid constant. All trioses were thus converted into methyl glyoxal, 
which was precipitated from the distillate by heating with a solution of j)- 
nitrophenylhydrazine. When cold the precipitate of methylglyoxal bis - 
nitrophenylhydrazone was filtered off in a Gooch crucible, washed with cold 
water, dried in vacuo and weighed. The presence of acetaldehyde does not affect 
the estimation because the jp-nitrophenylhydrazone of acetaldehyde is soluble 
in water in the concentrations in which it would occur in the distillate from 
fermentations. 



Fig. 1. 

That there is an increase in the amount of triose present when the lag in 
fermentation is at its maximum is shown by the results obtained in Table III. 
The agreement between the amount of lag and the amount of triose formed is 
n0t very exact but the changes are of the same order. 


Table III. The triose present during the period, of lag. 


Conditions as in Table I. Results expressed in total millimolecuies. 


Time after addition of phosphate (mins.) 

Exp. 180 

Fermenting Lag 

glucose Triose present 

Additional triose formed 


Exp. 199 

Fermenting Lag 

fructose with Triose present 

acetaldehyde Additional triose formed 


0 5 10 15 20 30 50 


— 008 011 0*25 — 0*20 0*10 

0*16 0*23 0*36 0*34 — 0*25 0*21 

— 0*07 0*20 0*18 — 0*09 0*05 

— 0*14 0*16 0*10 0*04 — — 

0*09 0*19 0*17 0*11 (0*25?) 0*10 — 

— 0*10 0*08 0*02 (0*10?) 0*01 — 
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Although the method of distillation with dilute sulphuric acid yields 
methylglyoxal in the distillate, methylglyoxal itself does not appear to be 
present in the trichloroacetic acid filtrates from fermentations. Methylglyoxal 
is precipitated by dinitrophenylhydrazine in cold acid solution, but the 
filtrates from fermentations never give the methylglyoxal derivative with this 
reagent in the cold. If dinitrophenylhydrazine is added immediately after 
removal of the proteins, a precipitate of acetaldehyde dinitrophenvl- 
hydrazone (m.p. 151-152° after recrystallisation from pyridine and ether) is 
obtained. But, if the trichloroacetic acid filtrate is allowed to stand for more 
than an hour before the addition of the hydrazine, no precipitate is obtained. 
Thus even acetaldehyde changes in the solution and it is possible that methyl¬ 
glyoxal, which is still more reactive, changes almost immediately to some 
compound, possibly a polymer, which is reconverted into methylglyoxal on 
distillation with acid. 

Kluyver and Struyk [1927] suggest that a triosephosphoric ester is formed 
in fermentation. Such a compound might not be precipitated by hydrazines, 
yet yield methylglyoxal on distillation with acid. There is, however, no 
definite support for the existence of such a triosephosphoric ester. 

IV. Oxidation-reduction potentials of yeast preparations. 

If acetaldehyde acts as an oxidising agent or hydrogen acceptor in fermenta¬ 
tion, it must have a definite apparent oxidising potential. It cannot have 
a true oxidation-reduction potential, because it is reduced irreversibly. The 
reduction is not a simple electronic change and the reduction product, alcohol, 
is a feeble reducing agent in aqueous solution. The apparent potential of 
acetaldehyde was determined by adding it to solutions of leuco-dyes of known 
oxidation-reduction potential in buffered phosphate solution at p u 6*0. In this 
way acetaldehyde was able to oxidise reduced indigodisulphonate, methylene 
blue and thionine, so that its oxidation potential at p B 6*0 must be higher than 
0*30 volt. Acetaldehyde will not oxidise potassium ferrievanide or the leuco- 
compounds of l-naphtholindophenol-2-sulphonic acid and 1-naphtholindn- 
2: 6-dibromophenol-2-sulphonic acid, so that its oxidation potential is probably 
below 0*15 volt. These determinations were carried out at p }1 6*0 because this 
was found to be about the p B of fermenting yeast preparations containing the 
usual amount of phosphate and saturated with carbon dioxide. 

The p n of fermentation was determined by use of the glass electrode. The 
reaction of phosphate with yeast juice fermenting fructose was carried out in 
the cup of a glass electrode similar to that described by Bavliss, Kerridge and 
Verney [1926]. The readings over 40 minutes during the reaction varied from 
pn 6*2 to 6*3. This result is in agreement with the results obtained by Biilmau 
and Katagiri [1927] for phosphate solutions containing glucose and alcohol 
and saturated with carbon dioxide. These workers used the quinhydrone 
electrode, which cannot be applied to yeast solutions on account of their 
oxidation-reduction potential. 


45—2 
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Although glucose is more strongly reducing than fructose at p% 7*5~9*0 
[Wurmser, 1927J, in solutions as acid as p H 6-0 it is doubtful if glucose and 
fructose have any oxidising or reducing power. In buffered phosphate solution 
at p H 6*0 neither glucose nor fructose could reduce methylene blue or oxidise 
leuco-naphtholindophenoldisulphonate in 12 hours at 30°. It is therefore 
improbable that the different behaviour of glucose and fructose in fermentation 
with free phosphate is due to difference in oxidising or reducing properties. The 
difference in behaviour possibly lies in a difference in the ease of esterification 
of the ttvo sugars. 

Cannan, Cohen and Clark [Clark and collaborators, 1928, p. 306] had found 
that the oxidation-reduction potential of suspensions of washed yeast cells at 
p H 5*75 fell from 0*10 to — 0*05 volt in 5 hours. Having determined that thep H of 
yeast preparations remained steady during the reaction of phosphate, it became 
possible to determine the oxidation-reduction potential by adding dyes, and 
noting the time necessary for decoloration. The acetone precipitate of yeast 
juice, being free from hexosephosphatase, was very useful for this determina¬ 
tion of the oxidation-reduction potential of fermentation w r itli free phosphate, 
because no fermentation or reduction of dyes occurred until free phosphate 
was added. The time taken for the reduction of various dyes added in minimal 
concentrations (0*01 %), so as to have as little poising effect as possible, are 
shown in Table IV. The figures for the approximate E 0 ' (the E h at which the 
dyes are 50 % reduced) at p H 6*0 are taken from papers by Clark and his 
collaborators [1928]. The results show that the oxidation-reduction potential 
falls from 0-10 to — 0*03 while the greater part of the reaction with phosphate 
occurs. 


Table IV. The lime taken for the reduction of dyes added to the acetone 
precipitate of yeast juice fermenting glucose in the presence of K 2 IIP() 4 . 


Dyo added (0 01 %) 

AY at 
Pn 6 *6 

fi h for 98% 
reduction 

Time lor 
reduction (mins.) 

l-Naphtholmdo-2:0-dibromophenol-2-sulphonate 
l-Naphtholindophenol-2-sulphonate . 

019 

0*14 

2 

0-18 

0*13 

5 

Thionine . 

010 

. 0 05 

10 

Methylene blue ... ... - ... 

005 

0*00 

15 

Indigotetrasulphonate . 

000 

- 0 05 

30 

Indiigofcrisulphonate . 

- 0 03 

- 0*08 

Partially reduced 

Indigodisulphonate . 

- 0*07 

- 0*12 

Not reduced 


Experiments were next carried out with higher concentrations of the dyes 
1 so that they exerted some poising effect on the system. In this way the rate of 
fermentation in the presence of free phosphate was measured at different 
oxidation-reduction potentials. Results of such experiments are shown in 
Table V. It will be seen that dyes more strongly oxidising than thionine or 
more strongly reducing than indigodisulphonate do not accelerate the fer¬ 
mentation, but in addition to methylene blue both thionine and indigo- 
tetrasulphonate act as hydrogen acceptors. The failure of indophenol dyes to 
increase fermentation may be due to their quinone structure, so that they 
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might combine with the protein of the enzyme, or to the phenolic structure of 
their reduced forms so that they might inhibit fermentation in the same way 
as phenol. Both quinone and quinol hinder fermentation. The dyes, however, 
do not seem to combine in any way, as on addition of potassium ferricyanide 
at the end of fermentation the colour of the dye is always restored. Potassium 
ferricyanide, a different type of compound and a stronger oxidant than any 
of the dyes used, is reduced in fermentation but the fermentation is not in¬ 
creased. 


Table V. The effect of different hydrogen acceptors and reducing 
agents on fermentation . 


1 co. 2if KgHP0 4 added to 2 g. acetone precipitate of yeast juice in 20 cc. 10 % glucose solution. 


Substance added 

E h during 
reaction 
(approximate) 

Millimoloculcs 
CO, evolved 
in 20 minutes 

None 

0-00? 

0*16 

0*05 % indigodisulphonate 

0 05 % indigotrisulphonate ... . 

- 0 03 

0*10 

- 0*02 

0*10 

0*05 % indigotetrasulphonate ... . 

- 0*01 

0*52 

0*05 % methvlene blue 

0*01 

0*47 

0 05 % thiomnc. 

0*03 

0*40 

0 05 % naphtholindo-2: 6-dibromophenol-2-sulphonate 

0 05 % naphtholindophenol-2-sulphonate . 

0*14 

0*18 

0*13 

0*10 

0*05 % acetaldehyde 

— 

0*86 

Leu oo-dyes 

0 05 % leueo-indigodiaulphonatc 

- 0*10 

0*08 

0 05 % leuco-methylene blue. 

000 

0*42 

0*05% leuco-naphtholindophenol-2-sulphonate 

0*12 

0*12 


The effect of adding leuco-dyes throws some light on the mode of action of 
dyestuffs in fermentation, Leuco-indigodisulplionate almost stops fermenta¬ 
tion, but leuco-methylene blue accelerates fermentation to nearly the same 
extent as the oxidised dye and leuco-naplitholindophenolsulphonate has no 
effect on the fermentation. As reduction does not therefore have any great 
effect on the action of dyes, it is probable that they act as hydrogen carriers 
rather than as hydrogen acceptors. Thus it might be expected that methylene 
blue would be reduced by methylglyoxal and oxidised again by acetaldehyde 
(the last reaction can be shown to take place in the test-tube without enzyme). 
If this is the case, only those dyes which can be oxidised by acetaldehyde and 
reduced by methylglyoxal will be active in fermentation and the apparent 
reducing potential of the active methylglyoxal of fermentation should be 
about — 002 volt at p n 6*0. 

The action of acetaldehyde in accelerating the reaction of phosphate is 
probably different from that of dyes. The reduction of aldehyde differs from 
that of the dyes which accelerate fermentation in not being reversible, so that 
acetaldehyde acts purely as hydrogen donator, not as hydrogen carrier. It is 
probably more effective in fermentation because of some specificity of the 
oxidase for acetaldehyde. 
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Summary. 

1. The lag between phosphate esterification and carbon dioxide evolution, 
in fermentation by yeast preparations, is not removed by the addition of those 
hydrogen acceptors which reduce the time necessary for the attainment of the 
maximum phosphate rate of carbon dioxide production. 

2. The lag is accompanied by an increase in the amount of triose present; 
it is possible that accumulation of methylglyoxal prevents further esterifica¬ 
tion of phosphate. 

3. During the reaction of phosphate in fermentation the of the solution, 
saturated with carbon dioxide, remains constant between 6*2 and 6-3. 

4. Those dyes which accelerate fermentation by acting as hydrogen 
acceptors or carriers have an between 0*00 and 0*10 volt at 6*0; it is 
probable that they must be reducible by methylglyoxal and oxidised again by 
acetaldehyde. 

My best thanks are due to Prof. A. Harden for much helpful criticism, and 
to Dt Winifred Pleass, who carried out the p n determinations with the glass 
electrode. 
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II. BRAIN LOCALISATION OF LACTIC ACIDOSIS IN 
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RUDOLPH ALBERT PETERS. 
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(Received May 3rd , 1930.) 

In a recent paper [Kinnersley and Peters, 1929] it was shown that opisthotonus 
symptoms due to avitaminosis Bj in pigeons were associated with an increase of 
lactic acid in the brain. The provisional conclusion was reached that the 
increased lactic acid was specifically due to lack of vitamin B x in the brain. 
If this conclusion be true, not only does it provide cogent evidence for the 
relation between vitamin R x and some phase of carbohydrate metabolism, but 
we feel that it is evidence of chemical change underlying the activity of the 
central nervous system. We have therefore analysed the problem further. It 
was conceivable that the changes in the brain were merely due to a general 
increase of lactic acid throughout the tissues. If this compound was present 
especially in one region of the brain, it would show that there was no direct 
relation between the increased blood-lactic acid and that in the brain. Further, 
it would be suggestive evidence for a correlation of the symptoms with a 
localised chemical abnormality and would indicate the portion of the brain 
responsible for them. Some preliminary experiments upon this question have 
already been published [Kinnersley and Peters, 1930]. 

Experimental. 

The treatment of the brain tissue and the methods of analysis have been 
described elsewhere. No significant changes have been made. Use has been 
made of the “guillotine” method. The two halves of the brain have been 
immersed in liquid air within 5 seconds approximately, the time of immersion 
being stated in the tables. Freezing, though instantaneous at the cut surface, 
must take some seconds for completion throughout the mass. When removed 
from the liquid air, the brains are too hard to divide. Fortunately, we have 
found that thawing produces little change, if any, in brain tissue which has 
been frozen in liquid air. We have previously quoted two experiments in support 
of this [Peters, 1930], Further experiments which illustrate the same point 
are shown in Table I, Exps, 1,2 and 7. Allowing the brain tissue to thaw com¬ 
pletely has not led to large increases in lactic acid content. In one case (Exp. 7) 
there would seem even to have been a decrease of the lactic acid. We do not, 
however, lay stress upon these changes. They indicate that brain tissue can 
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probably be allowed to thaw completely without much change in content of 
lactic acid. In practice, the required parts of the tissue have been removed 
before being completely thawed, to minimise any possibility of change in the 
abnormal tissues. About 15-20 minutes after removal from the liquid air the 
tissue can be cut with a knife. At this stage portions were removed with a clean, 
cooled scalpel and dropped into ice-cold 10 % trichloroacetic acid; any con¬ 
gealed blood was cleaned from the split half of the brain before selecting the 
parts. As the significance of the experiments depends upon comparative 
rather than upon absolute values, great care has been taken to work under 
strictly comparable conditions throughout. 

Parts of the brain selected. These have been in various experiments: (1) the 
cerebrum, (2) the cerebellum, (3) the mid-brain with the optic lobes, and (4) the 
remainder, bulb and medulla. Various combinations of these have been used. 
By cerebrum we mean here the parts of the brain included by a horizontal cut 
parallel with the lower surface of the cerebral hemispheres, and in the sections 
of mid-brain have been included the optic lobes together with such tissues as 
lie in the median plane upon a horizontal line drawn approximately parallel 
with the lower surface of the optic lobes. The approximate weights are for the 
cerebrum 0*96 g., cerebellum 0-27 g., mid-brain and the remainder 0-43 g. 

“Sugar values These have been obtained upon blood by the Hagedorn 
and Jensen method, using zinc precipitation as described by these authors. 
Values for “sugar” by the Hagedorn and Jensen method, obtained upon 
trichloroacetic acid filtrates, are usually higher than these, but are not con¬ 
sistently so. As shown recently by Gulland and Peters [1930], these differences 
are due to varying amounts of glutathione and are not so reliable as the direct 
zinc precipitation. In any case, values would have to be reduced by some 
70 mg. per 100 cc. to obtain the true “ sugar ” value. 

Determination of lactic acid . The following is a description of the method 
actually used. The samples of brain tissue were placed in tared 25 cc. 
centrifuge tubes containing about 5 cc. of 10 % ice-cold trichloroacetic acid to 
1 g. of tissue; the tubes were quickly re-weighed to obtain the weight of the 
tissue. It was minced with a glass rod and left to extract in the trichloroacetic 
acid with the addition of an equal volume of water for 30 minutes or longer 
and was then centrifuged and filtered. Fresh trichloroacetic acid (2-3 cc.) was 
added to the residue, which w as ground and allowed to stand for re-extraction 
for at least 30 minutes. The latter operation was repeated. Water was added 
and the tube centrifuged. The combined centrifugates made a total volume of 
about 20 cc. It was not necessary to leave the tissue to stand for 24 hours as 
has been claimed recently by Jungmann and Kimmelstiel [1929], The combined 
centrifugates were divided into two (or in later experiments into three) parts 
and each of these wm separately treated with 1 cc. of 10 % copper sulphate 
and sufficient Ca(0H) 2 suspension to make it alkaline (about 4 cc.). By per¬ 
forming these extractions separately, it has been our belief that a more proper 
control is made of the errors produced in the copper-lime treatment. Aiter 
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standing, the mixtures were centrifuged, and the clear supernatant fluid was 
used for determination of lactic acid by the method of Friedemann, Cotonio 
and Shaffer [1927]. 

Accuracy of the lactic acid determinations. In the case of blood, where 

determinations have been made upon trichloroacetic acid filtrates, duplicate 

values have always agreed remarkably closely, to within ± 0*01 cc. of A 7 /100 

iodine. This means that the values given in the tables are the average of two 

samples not differing from one another by more than ± 0*5 mg./lOO g. tissue. 

For the brain tissue, all the values given in the tables are the mean of two 

duplicates which did not differ by more than ± 0*02 cc. (approximately 

± 0*01 mg. lactic acid) and were often identical. Occasionally we have found 

quite wide and inexplicable variations between duplicates carried out by our 

method of separate precipitation at the copper-lime stage, which we are 

satisfied are not introduced by the reagents. In order to make clear the 

maximum error allowed in the calculations, it may be said that with the larger 

amounts of tissue, i.e. estimations of cerebrum and cerebellum taken together, 

or upon the remainder, the values given in the tables will lie within 

:fc 2 mg./lOO g. tissue of the figures actually obtained. More generally the 

variation is much less. But where smaller amounts of tissue onlv were available 

%/ 

the error is proportionately greater. 

The method of Friedemann, Cotonio and Shaffer in our hands gave a blank 
value upon the reagents of 0*05 to 0*06 cc. 37/300 iodine, and a yield of 95 to 
97 % when tested against recrystallised zinc lactate. Lactic acid values in the 
tables have not been corrected for this difference [see Friedemann, 1928], 

The substance estimated. The amounts of lactic acid concerned are too small 
to estimate directly as the zinc salt; there is in any event doubt as to whether 
isolation of a zinc salt can be relied upon more than the latest oxidation methods 
[see Friedemann, 1928]. We have made the assumption that the substance 
producing aldehyde is lactic acid. Justification for this assumption can hardly 
be questioned in the case of the normal brains. Lactic acid itself was isolated 
from human brain many years ago by Thudichum [1884] and McGinty and 
Gesell [1925] have isolated lactic acid from the brains of dogs. It was possible, 
however, that the abnormal brains contained some substance other than lactic 
acid yielding aldehyde. It would be evidence against this if it could be shown 
that the aldehyde-producing substance was ether-soluble. The following experi¬ 
ment was therefore carried out. The brains of avitaminous pigeons were taken 
soon after death, extracted as usual with trichloroacetic acid, and an aliquot 
sample analysed after treatment with copper-lime. The remainder was then 
saturated with NaCl, 0*5 cc. of cone. HgSO* added, and the whole extracted 
with ether (specially purified) in a Clausen extractor. The ether filtrates were 
treated with 10 cc. water, powdered talcum was added and NaOH to alkalinity, 
and the ether removed upon the water-bath. Portions were taken for direct 
estimation of lactic acid and also after copper-lime treatment. Under these 
conditions extraction with ether is slow. 
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Details of experiment. Two avitaminous brains taken; weight 4-12 g. 
Trichloroacetic acid extracts analysed. (A.) 

(mg.) (mg.) 


Lactic acid present initially in A. 2*25 

„ in first extraction with ether 3 hours ... ... 1*88 

„ in second extraction with ether 3 hours ... ... 0*22 

„ still present in aqueous phase after the extractions 0*14 

Total ... 2*24 


In the two ether extractions therefore at least 95 % of the substance 
estimated was found to be ether-soluble. The excellent balance obtained shows 
that nothing was added in the process of extraction. This experiment makes 
it very probable indeed that the substance concerned in the abnormal brain 
is actually lactic acid [Friedemann and Kendall, 1929]. 

Normal brains. Table I gives the results for normal birds. Exps. 1 and 2 
are the averaged results for two separate groups of five birds. The remainder 
represent determinations upon single birds. The lactic acid found within the 
time stated is approximately the same for the cerebrum, cerebellum and the 
rest of the brain, and amounts to some 50-60 mg. per 100 g. of tissue except 
in the case of the damaged brain (Exp. 7 (a)). 

Reducing values were also obtained and showed in each case a dimi¬ 
nution for the (b) sample as compared with the ( a ), but this varied from 
9 to 40 mg./lOO g. Throughout the work reducing values have been obtained, 
but they are omitted here because they show no consistency and add nothing 
to those previously published. The figures f6r brain tissue represent mg. of 
lactic acid per 100 g.; for blood, mg. of lactic acid and sugar per 100 cc. 


Table I. Nornnal birds. 


Time means interval between death of the brain and immersion of the material in liquid air 


Notes 

5 birds used. One-half (a) of each brain 
dropped into liquid air at 11 secs., and the 
other ( b) at 83 secs, (a) and (6) averaged 
results for each set of half brains 
5 birds used as in Exp. 1, but the brains 


Exp. 

Time 

(secs.) 

Cere¬ 

brum 

Cere¬ 

bellum 

Rest 

1 

(a) 11 

56 

46 

55 


(b) S3 

93 

85 

92 

2 

(0)11 

52 

53 

58 


(b) 86 

87 

94 

85 


Exp. 

3 

4 

5 


Tim© 
(secs.) 
5 

4 * 

(ojsf 

<»> 

3i 




than Exp. 1 

Cerebrum 


Blood- 


and 


( _A_ 

_ 

cerebellum 

Rest 

lactic acid 

sugar 

39 

43 

14 

251 

56 

56 

17 

210 

57 

59*5 

24*5 

233 

54 

51 

25 

184 

70* 

64 

33*5 

221 

57 

58 

— 


54 

58 

13 

242 


Notes 


♦Brain badly damaged by 
knife 

“ Urethamsed” 


Our standard technique therefore gives for normal brains similar values for 
lactic acid in different parts of the same brain. 

Opisthotonus brains . Table II shows that in pigeons suffering from opistho* 
tonus due to vitamin B x deficiency, there is an increase of lactic acid in the 
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lower parts of the brain as compared with the upper. The deficiency was induced 
by rice feeding by the usual methods employed in this laboratory. 


Table II. Opisthotonus brains . Acid mg.\ 100g. 

Blood- 


Exp. 

Time 

(secs.) 

Cere- 

Cerebrum helium 

Rest- 


lactic 

acid 

sugar 

H ours 
symptoms 

1 

H 

90 94* 

124 


170 

104 

? 

2 

6 

05 04* 

108 


54 

357 

4 

3 

0 

113 80* 

157 


_ 

330 

0 

4 

4 

80 85 

104 


31 

240 

4 

5 

6 

87-5 92 

137 


38 

231 

n 

0 

4-5 

Cerebrum and 
cerebellum 

03 



05 

283 

V 

7 

5 

52* 

80 


05 

405 

3 

8 

5 

75 

104* 


101 

177 

5 

9 

5 

99 

80 


53 

212 

m 

10 

7 

100 

123 


02 

202 

11 

4 

103 

113 


00 

220 

2 

12 

4 

89 

98 


41 

270 

— 

13 

4 

01* 

Mid-brain 

52 

Rest 

71* 

23 

284 

2 + 

14 

6 

98 

114* 

124 

80 

343 

— 

15 

5 

76* 

105 

— 

52 

— 

4 

IS 

4 

107 

127 

113 

84 

307 

— 

17 

3| 

74 

87* 

98 

52 

231 

2 + 


* One estimation only. 

f Part of mid-brain included accidentally in cerebrum. 

Last column indicates the number of hours during which symptoms had persisted. 


With one exception, viz. Exp. 13, the blood-lactic acid is high and there is 
a general tendency for the brain-lactic acid to follow it, though this is not the 
absolute rule (Exps. 1 and 8). There is only one case, Exp. 9, in which the 
cerebrum and cerebellum contain more lactic acid than other parts of the brain ; 
in this it was known that some of the mid-brain was accidentally included in 
the cerebral values. Exps. J 3—3 7 show that as a general rule there is more 
lactic acid in the lowest section of the brain analysed. The localisation of this 
acid and its uneven distribution are suggestive evidence that the acid found 
does not merely accumulate from the blood stream. 

In attempting to correlate the “ lactic ” acidosis with the origin of the 
symptoms, we examined the condition of the brains in birds with threatening 
or incompletely developed symptoms. In our previous paper [Kinnerslev and 
Peters, 1929] we showed that rice-fed birds had a normal brain-lactic acid even 
after some 20 days upon the diet. In one case, however, which could be 
presumed to be approaching symptoms as it had been upon the diet longer than 
the others (27 days) we found actually a slight increase. In Table III we have 
collected a series of results upon birds which in our opinion were threatened 
with symptoms. The results are somewhat variable as w r ould be expected. One 
reason for this is that in spite of an extensive experience, it is not easy to be 
certain in every case how near a bird is to “opisthotonus.” 
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Table III. Threatening opisthotonm. 

Blood- 


Exp. 

Bavs on 
diet 

Time 

(secs.) 

Cerebrum and 
cerebellum 

Best 

lactic 

acid 

sugar 

1 

20 

3-4 

69 

79 

45 

279 

2 

24 

4 

— 

75 

44 

234 

3 

17 

5 

64 

72 

67 

246 

4 

22 — 

41 

72 

67 

292 

5 

27 

7 

62 

97 

78 

269 

6 

30 

4-5 

57 

73 

— 

— 

7 

32 

6-7 

55 

63 

21 

242 

8 

12 

4 

66 

96 

87 

260 

9 

— 5 

Cerebrum 

and Mid- 

cerebellum brain 

48 52* 

60* 

14 

244 


* One estimation only. 


The results are within normal limits for cerebrum and cerebellum, but 
raised for the lower part of the brain. If we exclude the two experiments 
showing a value for the lactic acid in the “rest” as high as 97 mg., the re¬ 
maining values all lie under 80 mg. per 100 g. Practically all therefore are 
below those of Table II. Exps. 7 and 8 are within the normal limits for lactic 
acid in blood and brain. It is very probable that we had here selected buds 
which were not sufficiently advanced to show the brain condition. This is 
supported by the low blood-lactic acid. The facts are therefore that in the 
avitaminous bird, lactic acid begins to increase in the lower parts of the brain 
before the symptoms of opisthotonus appear. When it reaches a certain value 
(under the conditions of our experiments some 80 mg. per 100 g.) opisthotonus 
tends to arise. 

The presence of opisthotonus is associated with an increase in the amount 
of lactic acid present; such increases are again unevenly distributed. A rise 
in lactic acid usually takes place in all parts of the brain, but this is most 
marked in the lower regions. The rise in the cerebellum is not more than that 
in the cerebrum. In the experiments in winch the mid-brain and “rest” have 
been analysed separately, there tends to be more in the u rest,” but this is not 
without exception, though not too much weight can be attached to such 
differences as appear owing to the experimental error involved in handling 
these small amounts of tissue. Together with the uneven increases in the brain, 
there occurs an increase in lactic acid in the blood. The increases in brain- 
lactic acid, however, do not follow the increases in blood-lactic acid directly. 
.This suggests that the two are really independent, which would also follow 
from the uneven distribution of the lactic acid in the brain. Before, however, 
being able to decide that this is so, another possibility must be considered. It 
has been suggested to us that the uneven distribution of lactic acid might be 
merely the result of some structural peculiarities in the brain tissue, which 
lead to irregular adsorption from an increased blood-lactic acid, or to irregular 
elimination of lactic acid from the tissue. As we have had no success with 
attempts to raise the blood-lactic acid by intravenous injections of lactic 
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solutions in normal, unanaesthetised birds, we have had recourse to the ex¬ 
pedient of flying birds round a room for periods of 30 minutes, and then taking 
the brains for analysis (Table IV). 

Table IV. Exercised birds. 


Blood- 


Exp. 

Time 

(wees.) 

Cerebrum and 
cerebellum 

Rest 

A 

( 

lactic acid 

sugar 

1 

5 

(12 

GO 

80 

237 

2 

4-5 

71-4 

73 

50 

237 

3 

4 

93* 

89* 

1*21 

184 

4 

3i 

73 

79*5 

12G 

219 

5 

4 

81 

S3 

80*5 

295 


* Poor duplicates. 

Table IV brings out several points. Exercise increases the blood-lactic acid 
as would be expected, bringing it in fact to a level even above the amount 
usually found in avitaminosis. Together with this increase, when the bird is 
exhausted (Exps. 3, 4 and 5) there appears in the brain an amount of lactic 
acid as high as that in the bird with symptoms of threatening opisthotonus; 
but it is evenly distributed. The lactic acid in the brain does not increase above 
90 mg. even with enormously high blood-lactic acid. The localised nature of 
the chemical lesion in vitamin Bj deficiency responsible for the appearance of 
increased lactic acid in certain parts of the brain lends support to the conclusions 
of Fisher and Peters [1930] that the condition is not caused by impairment of 
brain circulation. It is associated with the initiation of symptoms of a peculiar 
type which are cured by administration of vitamin B x , concurrently with the 
return of brain-lactic acid to a more normal value. In our opinion the results 
indicate that there is some missing factor in the tissue. Since this change is 
ameliorated by giving vitamin B x (most speedily of all by the intracranial 
injection of toruliri [ Peters, 1930]), lack of vitamin B x in the tissue leads to the 
accumulation of lactic acid in that tissue. This appears to be therefore a proof 
of the connection of vitamin B x with the intermediary metabolism of carbo¬ 
hydrates, a view which has been often mooted [Braddon and Cooper, 1914; 
Funk and v. Schdnborn, 1914; Random and Lecoq, 1927]. 

We are upon less certain ground when we attempt to guess the exact 
function of torulin from the presence of the excess lactic acid. There is no 
evidence that the glycolytic power of the tissue is impaired, or that the powers 
of synthesis of the lactic acid precursor are diminished. In experiments upon 
birds showing symptoms, we have found that the brain-lactic acid maximum, 
after allowing the tissue to stand for 90 seconds before freezing, was in one case 
for cerebrum and cerebellum 142 mg. and for the remainder 150 mg., the blood- 
lactic acid being 56 mg., and in another case for cerebrum, etc. 178 mg., and 
for the rest 230 mg. The lactic acid maxima are much greater than normal and 
are not necessarily different for different parts of the brain in the deficient 
birds. There must be therefore more precursor in these brains than in the 
normal. This is curious and as yet unexplained. Insulin lowers the lactic acid 
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maximum for brain and vitamin B x deficiency raises it. These facts must be 
reconciled with any general theory of the condition. The evidence against the 
view that the increased lactic acid is due to an enhanced rate of glycolysis 
which has been presented elsewhere is still valid. Upon these grounds we think 
that vitamin Bj is concerned with the oxidative removal of lactic acid, though 
admitting that a substantive proof of this is at present lacking. 

We are awaro for instance that the appearance of the acid might be secondary to some change 
in of the tissue induced by lack of vitamin, or that the function of vitamin B 1 might even be to 
stimulate the production of some missing hormone, which then activates the tissue. In the latter 
case it seems to be more difficult to explain the localisation. 

It must be emphasised that the figures in the above tables, though strictly 
comparable, do not represent the initial state of the 4 ‘ resting ” brain-lactic 
acid. 

Further considerations. In the above experiments, the use of anaesthetics 
or similar substances has been avoided in order to minimise any complication 
produced by their results. It must not be forgotten that substances like 
urethane are well known to disturb surface reactions, and that they inhibit the 
action of the cell dehydrogenases [Keilin, 1929]. However, since Cobet [1929], 
in work which only came to our notice when the major part of this research 
was completed, has found that brain-lactic acid in deep urethane anaesthesia 
is very low, we have carried out a few experiments upon this point. Cobet 
found that in the case of rabbits the resting values for lactic acid (by a colori¬ 
metric method) were 10-12 mg,/100 g., increasing very much upon injury. The 
pigeons employed by us were deeply urethanised. After having been left 
undisturbed for periods of 30 minutes, the birds were guillotined and the samples 
of tissue frozen as usual. Table V gives the results. 

Table Y. Lactic acid in hr aim of “ urethanised” animals. 


Blood* 


Exp. 

Condition 

Time 

(secs.) 

Cerebrum and 
cerebellum 

Rest 

lactic 

acid 

sugar 

1 

Normal 

H 

54 

58 

13 

242 

2 

» 


40 

00 

18 

237 

3 


4 

80 

73 

11 

228 

4 

Opisthotonus 


52 

08 

13 

274 

5 

5-0 

82 

101 

40 

249 

6 


4 

Cerebrum Cerebellum 
04 80 

87 

14 

253 

7 

ft 

4 

72 02 

91 

20 

261 


Our “ urethane 5 ’ results in no case approach those of Cobet. It seems to be 
impossible even with rapid work in pigeons to reach his low limits, though the 
degree of injury was certainly no more in our experiments. Inspection of 
Table \ shows that the normal urethanised pigeons show most inconsistent 
values for brain-lactic acid, but have a low blood-lactic acid. Results for 
avitaminous birds are the same as usual. 
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Iodoacelic acrid. In a recent publication Lundsgaard [i 930] has shown that 
animals poisoned with monoiodoacetic acid die in rigor without showing any 
rise of lactic acid in the muscles. The muscle is fixed as it were in the resting 
state (see also Meyerhof, 1930]. Table VI shows the amounts of lactic acid 
found in pigeons killed by intravenous injections of the poison. Injections were 
made into the wing vein and varied from 00 to 100 mg. of the compound. Brains 
were removed in the usual manner and immersed in liquid air as soon as 
possible after the death of the animal, which took place at times varying from 
2 to 15 minutes after injection. The time elapsing between injection and death 
apparently did not influence results. 

Table VI. Pigeons killed by iodoacelic acid. 


Blood- 




Timt of 

Cerebrum 


,- * 




death 

and 


lactic 


!xp. 

Condition 

(mi ms.) 

ce T «* helium 

Rest 

acid 

glucose 

1 

Normal 

4 

24-5 

24*7 

7-9 

217 

2 


8 

29*5 

29-5 

60 

214 



2 

27 5 

35 

— 

— 

a 

Il.it. 

5 

34 

47 

28-6 

214 

4 

ft 

15 

as 

56-5 

81 

231 

a 


"j 

53 

75 

81 

272 


These results are of great interest, being the lowest which we have obtained 
lor normal and avitaminous pigeons' brains. It will be noticed that the 
opisthotonus’’ birds all show higher lactic acid, and that in these the lower 
part of the brain is again 13 22 mg. higher than the values for the cerebrum 
and cerebellum. These amounts bear roughly the same relation to one another 
as do those of Tables 1 and II. Until more evidence is forthcoming as to the 
exact action of monoiodoacetic acid, we cannot draw conclusions as to whether 
the experiments of Table VI represent the lactic acid content of the tissues 
during life. But the results constitute the strongest additional support for the 
views put forward in tin* earlier part of this paper, and exclude the possibility 
that the high lactic acid of the avitaminous brain is due to increased rate of 
glycolysis. 

Relation of the symptoms to the presence of lactic acid. 

If the experiments in Tables II and III are examined, it will be noticed 
that in practically eveiy case in which the cerebrum and cerebellum were 
separately analysed, the values were identical within the limits of experimental 
error. They were also always lower than the value for the rest of the brain. 
In Exp. 2, Table II, the values for cerebrum and cerebellum are actually 
within normal limits. In the experiments of Table III the fact that often 
immediately before symptoms appear the values for cerebrum and cerebellum 
analysed together are within normal limits indicates that the cerebellum is 
sometimes normal (so far as lactic acid is concerned). This suggests that the 
symptoms are associated directly with the presence of lactic acid in the lower 
parts of the brain. Certain other facts support this. Fisher and one of us in 
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another connection have repeatedly removed the cerebrum and basal ganglia 
under ether anaethesia in avitaminous birds. As soon as the bird recovers from 
the anaesthetic, the symptoms reappear. They cannot be due to release of 
cerebral control, because it is well known that decerebration alone makes little 
difference to the appearance of a pigeon. This confines the problem to the lower 
part of the brain, and to the cerebellum. Now the removal of the latter induces 
a similar condition to the “opisthotonus” of avitaminosis. The matter has been 
lately studied carefully by Bremer and Ley [1927]. 

Symptoms are induced by removal of the cerebellum, and hence the prob¬ 
lem of their origin in avitaminosis reduces either to (1) increased stimulation 
of the mid-brain, etc., or (2) to release of cerebellar control. Since we have 
found cases in which symptoms are present with a practically normal 
“cerebellar”-lactic acid, any possible release of cerebellar control cannot take 
place by a lactic acid block in the cerebellum. So the symptoms must be 
associated with increased lactic acid in the lower parts of the brain. The con¬ 
dition produced would appear to be the “brain” analogue of rigor in the 
muscle. Activity of the brain tissue concerned produces lactic acid which then 
tends to accumulate because it is incompletely removed. When a certain 
concentration is reached, opisthotonus appears. This would be consistent with 
the common experience that symptoms can be readily induced by exercise 
when avitaminosis is sufficiently advanced. It is of course impossible upon the 
evidence here presented to decide whether the lactic acid acts by inhibition or 
by stimulation. 

Visual inspection of the parts especially affected shows that they appear 
white, whereas the cerebrum appears grey. This difference in appearance may 
possibly underly the special susceptibility of the lower parts of the pigeon’s 
brain to lactic acidosis. We do not feel that there is at present any justification 
for thinking that vitamin B* deficiency affects conducting rather than cell 
tissue, because Dr Carleton 1 finds that the whitish-looking mid-brain tissue 
contains a large proportion of cells. The matter evidently warrants further 
investigation. 


Discussion. 

We recognise that the view wilich has been advanced as to the origin of 
these symptoms in avitaminosis does not appear to be consistent with our own 
experiments in Table IV upon birds exhausted by exercise. These certainly 
show that lactic acid can accumulate without inducing the syndrome in 
question, but it is felt that a general condition of this nature cannot fairly be 
compared with a localised affection. 

It must be remembered that ether anaesthesia in the avitaminous bird 
will abolish the symptoms, without altering the changes in the lactic acid. 
While the condition here investigated is a concomitant of lactic acid accumu¬ 
lation, this is certainly not the case with other similar symptoms. Insulin 

1 Personal communication. 
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convulsions in the pigeon (as has been shown by Holmes and Holmes for the 
rabbit) are associated with a low brain-lactic acid not varying in amount in 
different parts of the brain. It is impossible to bring into one scheme all the 
various conditions (apart from surgical lesions) which will induce this condition 
in the pigeon, without having recourse to some conception such as that of 
the “Meyerhof cycle” [1926] for carbohydrate metabolism. With the idea, 
however, that maintenance of the activity of the tissue depends upon a cyclical 
chemical process, it becomes possible to understand how changes of varying 
type may result in the same interference with function. This matter has been 
discussed elsewhere [Peters, 1930]. 

In our previous paper, we drew attention to the discrepancy between our 
results and the earlier view of Holmes and Holmes [1925, 1926 and 1927] that 
lactic acid in the brain arises immediately from the blood-sugar. Since then 
these authors have kindly drawn our attention to a later publication [1928] 
in which this view is to some extent modified. We feel that the above results 
can only be interpreted upon the view that there is a precursor of lactic acid 
in the tissue itself, however much this may in turn be in equilibrium with the 
blood-sugar. 

Summary. 

1. The increased lactic acid found in the brains of pigeons showing symp¬ 
toms of opisthotonus due to avitaminosis Bj is localised especially in the lower 
parts of the brain. 

2. In the period of rice feeding during which symptoms are threatening, 
lactic acid is increased only in the lower parts of the brain. 

3. The localised character of the chemical lesion proves that vitamin Bj 
is associated with the intermediary metabolism of carbohydrate. 

4. Symptoms are due to the accumulation of lactic acid in the lower parts 
of the brain. 

5. The lowest lactic acid found in the brain of a normal pigeon was 24 mg. 
per 100 g. of tissue, after death by injection of monoiodoacetic acid. 

6. Severe exercise may cause a rise in the lactic acid content of the brain, 
which is distributed evenly over the tissue. 

Our thanks are due to the Medical Research Council for a personal grant 
to one of us, and for a grant towards the expenses of the research. We are also 
grateful to W. Wakelin for skilful assistance. 
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Material. 

Eggs of the Atlantic salmon (Salmo salar) were procured in the eyed stage and 
maintained in a small hatchery at a temperature of 8 to 10°. Younger stages 
were not reared in the laboratory, for although many could be kept alive for 
some weeks after the journey from the hatchery there was no further de¬ 
velopment. The series of analyses given is that of a group of 5000 eggs which 
came to the laboratory in the eyed stage and were from one female. Fifty 
specimens were taken for each test- and the adherent moisture removed between 
sheets of filter-paper. They were then weighed in a dried extraction thimble 
supported on cotton wool in a f ared weighing bottle. This was the wet weight. 
The eggs and larvae were dried to a constant weight (the dry weight) at 100°. 

Obvious changes during development. 

Experts in fish culture recognise several critical periods in the development 
of salmonid eggs. For a day or tw^o after fertilisation they are hardy and can 
be moved about and arranged in the hatchery trays without injury; after this 
they become exceedingly delicate until the appearance of pigmented eyes 
within the shell. The first period is one of comparatively undifferentiated cell 
division, the second that of the organogenesis or morphological differentiation. 
In the eyed stage very few eggs die and much rough handling is not detri¬ 
mental. About three weeks before hatching there ensues another period of great 
mortality, in the phase of histogenesis. Many of the embryos become opaque 
within the shell while the yolk remains transparent. A large number of such 
larvae have been hatched and examined. Necrosis usually begins as one or more 
ring-shaped areas in the tail region from which it spreads rapidly until the 
whole tail has become opaque. At this stage there is no tail circulation, poor 
vitelline circulation, feebly and irregularly beating heart and very little move¬ 
ment. No larva hatched in such a condition has recovered. A group of larvae 
in various stages of opacity was hatched and the “case histories” followed in 
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detail. Extracts from two typical examples are given. The embryos began 
normally to hatch about Jan. 15. 

Case 1. Hatched Dec. 29. Physical conditions; dorsal fin sloughed into a 
large mass of necrosed tissue; adipose fin had dropped off leaving only a jagged 
edge; two ring-shaped opaque spots, one situated just posterior to the pectoral 
fin and the other under the adipose fin; heart rate 84 per minute (control heart 
rate 94); good circulation to all parts of the body. On Dec. 30 the dorsal fin 
sloughed off and from then on the fish began to recover, until on Jan. 9 there 
was no trace of the white patches, the heart rate was normal, and the fish very 
active. 

Case 2 . Hatched Dec. 30. Physical conditions; whole of tail half way to 
adipose fin enclosed in a white sheath of necrosed tissue with a large flap 
hanging loose; a second small patch under the adipose fin; heart rate 69 per 
minute (control heart rate 84); poor embryonic circulation and no blood supply 
over distal parts of yolk sac; very little activity. Hatching produced a slight 
temporary improvement, but after Jan. 2 the heart rate decreased and the 
general condition became worse until death on Jan. 6. The sudden temporary 
improvement after artificial hatching has been noted in most cases. 

On Jan. 2, 130 typically affected eggs were selected and divided into two 
groups. Those of one group were hatched artificially by tearing the shell with 
fine forceps. Both groups were kept under similar conditions to determine the 
effect of hatching on the fatality of the condition. The final results were the 
same, 11 out of the 65 surviving in each case. Natural hatching had taken place 
before the conclusion of the experiment on Jan. 19. It was noticed that death 
occurred more quickly in the hatched group, due to the immediate attack of 
the necrosed tissue by the fungus Saprolegmaferax , while the unhatched larvae 
might live for some days longer protected by the shell. It is believed that under 
different experimental conditions, using fungus-free water, the hatched group 
would have shown a larger proportion of survivors. 

If bacteria or mycelia could go through the shell, infect the embryo within, 
and by destruction of the shell produce hatching, an interesting case of 
symbiosis would be suggested. To test this idea affected larvae and controls 
were hatched under aseptic conditions and reared in vials at a suitable tempera¬ 
ture, protected from atmospheric contamination. Before hatching any possible 
infection on the outside of the shell was removed by immersion for one minute 
in 3 % formalin. Experiments determined that at this age an egg is capable of 
withstanding an immersion of 3 minutes in 3 % formalin without serious 
injury. It is believed that an exposure to formalin which would remove in¬ 
fection within the egg would also kill the larva. Controls and some of the ex¬ 
perimental animals lived until the conclusion of the experiment some 10 weeks 
after hatching. Those which died were left in the vials and observed, but there 
was no decomposition except the usual autolytic one, and examination# of 
living and dead eggs showed no bacteria or fungus. The conclusion is that it is 
not from external infection that the larvae die within the shell. 



METABOLISM OF SALMON EGGS. I 


725 


It was found that immersion in formalin of an egg 3 weeks before its 
hatching time, caused it to hatch within a few hours. Scheminzky and Gauster 
[1924] showed that trout eggs which are continually exposed during develop¬ 
ment to the action of a weak electric current hatch a week earlier than the 
controls. The resulting larvae do not differ in any way from the normal. These 
authors attribute the result to the destruction of the egg capsule, but it may be 
due to nothing more obscure than a marked stimulation of embryonic 
activity. 

Wintrebert [1912] has demonstrated the secretion of a protease by the trout 
embryonic ectoderm which dissolves the shell and permits hatching. It is one 
purpose of this paper to point out that the phenomena associated with the pro¬ 
duction of this enzyme have a far greater effect on embryonic metabolism than 
a plain statement of their final result would indicate. It is necessary for the 
larva to suspend body-building operations and attend to the problem of 
blazing a trail to the outside w r orld. The effort profoundly modifies embryonic 
metabolism and it is not until some weeks after hatching that the uneventful 
course of development is resumed. The dissolving of a capsule so tough that it 
is broken down only with difficulty in caustic potash solution [Miesc-her, 
1897] is accomplished by a concentrated protease solution in the perivitelline 
fluid. Variations in the water content and metabolism, and the frequent death of 
the embryos within the shell are explained by this developmental modification. 
The region of the embryo which first begins to die lies in the extremities (tip 
of tail, fins, etc.), and this further supports the idea that the enzyme directly 
attacks the embryonic tissue, for it is here that the embryo is most susceptible 
to the action of unfavourable environmental factors. (Hyman in 1921 exposed 
Fundulus eggs to lethal concentrations of cyanide solutions and found that the 
tail died first.) 


The egg capsule* 

The chemistry of the salmonid egg shell is not known in detail. Steudel and 
Osato [1923] and Osato [1923] concluded from the nature of the amino-acids in 
herring egg shells that the fish egg is homologous only with the yolk of the 
bird’s egg, while the shell of the latter is a new modification for terrestrial life. 
The albumin of the bird egg corresponds to the mucilaginous covering outside 
the shell of amphibian and some fish eggs, and the vitelline membrane is the 
homologue of the fish egg capsule. (The loose use of the word “chorion” for a 
fish egg shell suggests a homology which does not exist.) It follows that an 
aquatic egg shell may take a more active part in the scheme of development 
than a terrestrial one. 

After fertilisation the capsule is pale in colour, of a dull sheen, and re¬ 
latively thick and brittle. It can be stained intensely black with osmic acid 
[Scheminzky and Gauster, 1924]. Its strength increases for a time, but before 
hatching it becomes noticeably thinner, somewhat loose and folded, easily 
tom, and loses its sheen. Its reaction to osmic acid at this time indicates a 
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decrease in fat, or at least of the lipins containing unsaturated acids. Shortly 
before hatching the water increase in the egg causes the shell to become taut. 
Many eggs may be hatched at this stage by gently squeezing. 

Nordgaard [1896] observed that if a dead opaque salmon egg were placed 
in a salt solution it became transparent. Gray [1920] found that any of the 
usual ways of killing a trout egg, such as heat, cold, electric shock, physical 
shock, etc., were followed by exosmosis of the electrolytes and this caused 
precipitation of the globulins with resultant opacity. The amount of exosmosis 
under various conditions could be quantitatively measured from the variations 
in the electrical resistance of the water in which the eggs were dying. The 
re-solution of the globulins in normal saline demonstrated that under the 
unfavourable conditions the capsule had become permeable. The temporal 
relation between exosmosis and globulin precipitation was determined by 
Scheminzky and Gauster [1924], who found that the electrolytes leave the egg 
before the globulins are precipitated. Thus the primary injury is to the mem¬ 
brane rather than to the contents of the egg. Now Stockard [1921] and a 
number of other workers have demonstrated critical stages in embryonic de¬ 
velopment, at which it is particularly easy to subject an egg to a shock which 
will later produce an embryonic deformity. These conditions are generally 
attributed to changing properties of the protoplasm (varying oxidation rates 
of different parts at different times, etc.), but the final explanation may well be 
found in the egg membrane. It is worth noting that salmonids are the fish in 
which embryonic deformities have been most frequently observed in nature. 

Scheminzky and Gauster themselves do not believe that the varying sus¬ 
ceptibility during development is due to the membrane, because the electric 
current required to kill an egg in the later stages increases, while the tensile 
strength of the shell decreases. (Hein [1907] determined the pressure necessary 
to crush an egg at various stages.) There is, however, no good reason to believe 
that permeability is determined by strength and thickness. Furthermore, 
during development a new membrane system comes to surround the yolk. In 
later stages two membrane systems, a band of muscle and a fluid-filled coelom, 
must be penetrated in addition to the shell before the yolk is reached. An in¬ 
spection of Scheminzky and Gauster's fig. 19 suggests that the coelom sur¬ 
rounds the yolk at the 24th day, since the resistance of the egg rises suddenly 
at this time. 

It has been agreed by most workers that the capsule of the living egg is 
"normally permeated by water but not by electrolytic or colloidal substances. 
Svetlov [1929] has recently sharply criticised this conception. Using micro¬ 
methods he found a lower osmotic pressure in the perivitelline fluid of trout 
eggs than in the yolk, and concluded that the egg contents have the power of 
maintaining their osmotic pressure independently of the capsule. This does not 
deny the same function to the cell membrane. Kite [1918] found that most 
animal and plant cells regulate their permeability as much by the cytoplasm 
as by the cell wall. 
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Svetlov also found that salt ions passed through the capsule of a living egg 
and into the perivitelline fluid. Now Loeb [1912] has shown that the action of 
a solution of one salt on Fundulus eggs is to increase the permeability of the 
capsule. If a solution of two antagonistic salts such as NaCl and CaCl 2 were 
used there was no changed permeability. What Svetlov has really done there¬ 
fore is to injure the membrane with an electrolytic solution, the ions of which 
afterwards passed through. Loeb points out that a dilute acid or alcohol 
solution has the same effect as a salt solution, and he says, “The increase in 
the permeability of the membrane for water and salts under the influence of 
acids is due to an alteration of the protein constituents of the membrane.” 
Thorner [1929] immersed developing Fundulus eggs in KC1 until the heart 
ceased to beat, and then removed them to fresh water or sea-water. In distilled 
water there was a slow extrusion of salt through the shell until after some days 
the heart recovered. The reaction in sea-water was quite different, the time 
required for recovery being short and directly proportional to the period of 
exposure to KC1. Since Fundulus eggs can develop in either fresh water or sea¬ 
water the customary reaction of the shell must be the same in both media. It 
follows therefore that after immersion in one salt the capsule behaves ab¬ 
normally. Sumwalt [1929] found that the electrical potential of Fundulus eggs 
was changed to a marked degree if the eggs were immersed in solutions of 
various salts. In neutral solutions the capsule was more permeable for cations 
than for anions. Bivalent cations had about half the effect of univalent cations. 
As the acidity of the solutions was increased the cation and anion permeabilities 
approached one another until at p n 3-7 they were equal. In more acid solu¬ 
tions reversal of permeability occurred. Sumwalt reviews the literature on this 
point which serves to show the pronounced effect of salt and acid on the capsule. 
Svetlov mentions a simple and convincing proof of the permeability of the 
capsule to salt under normal conditions. If a very y oung egg, which has become 
opaque while the protoplasm is still alive, is placed in normal saline the opacity 
disappears and normal development may continue; but as soon as it is re¬ 
placed to tap water it dies. This really proves that it is possible to compensate 
for an injured capsule by rearing the egg in normal saline. The capsule, how¬ 
ever, never returns to its normal condition as is shown when the egg is replaced 
to tap water. 

Svetlov’s vital staining experiments seem at first sight to prove his con¬ 
tentions* If eggs were immersed in neutral red or Nile blue sulphate the dye 
passed through the capsule and stained the contents intensely. Negative 
results followed similar experiments with trypan blue and Indian ink. Neutral 
red required 3 hours for the maximum effect, and Nile blue sulphate 12 hours. 
It is concluded that the egg capsule is permeable to some colloids under natural 
conditions. The first thing to notice is that neutral red and Nile blue sulphate 
belong to a toxic group of stains. Romeis [1928, p. 198] gives particular 
warning that even in highly dilute solutions neutral red is poisonous. Secondly, 
teleost embryos have been shown by Wislocki [1917] to be incapable of taking 
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Up colloidal dyes in which they are immersed. Their impermeable integument 
distinguishes them from amphibia larvae [see McClure, 1918]. 

The writer has carried out vital staining experiments with the salmon 
(Salmo salar ), the plaice (Pleuronectes platessa), and the goby (Cyclogastcr 
liparis ). Eggs were immersed in solutions of neutral red, methylene blue, 
ponceau S., and Janus green. Five hours’ immersion in a 0*1 % solution of any 
of these stains coloured the capsule intensely, methylene blue being most 
readily adsorbed. When the shell was removed there was absolutely no trace 
of dye in the egg contents. Similar results followed three days’ immersion in 
the dye. The perivitelline fluid of salmon eggs placed in a saturated solution of 
methylene blue for 15 hours was slightly stained, but the larvae within were 
either dead or dying. There was no case in which the stain passed through the 
shell and the embryo lived. The positive results only showed the staining 
reaction of dead tissue to dye-stuff. 

A number of artificially hatched salmon larvae were left for 24 hours in 
dilute solutions of neutral red, methylene blue, trypan blue, and nigrosine. 
On examination they were found to be unstained. Using a 1 % solution the 
results were the same as long as the larvae lived, but when they were about to 
die a diffuse staining occurred. With plaice and goby larvae after hatching the 
results were the same. Thus Wislocki’s observations have been entirely con¬ 
firmed. 

It is concluded that in Svetlov’s experiments the dye injured the capsule 
before passing through, and injured the living tissue before staining it. In the 
absence of further evidence we may continue to believe that under natural 
conditions there is no exchange of electrolytic and colloidal substances through 
the shell. 

The recent work of Straub [1929] presents the egg capsule in a new role. 
He analysed the causes of observed differences between the osmotic pressures 
in the yolk and white of hens’ eggs. The vitelline membrane is permeable to 
both water and dissolved substances, nevertheless in the living egg the yolk 
keeps a higher osmotic pressure than the white for weeks. The difference is lost 
very quickly in an egg killed by cold. It requires a measurable expenditure of 
work on the part of the egg to maintain this condition. In general it is in the 
forni of electricity that the free energy of a chemical reaction can be made to 
do work. The vitelline membrane must be expected to have the properties of 
a galvanic element, that is, some of the intermediate stages of glucose oxidation 
must take place in such a way that their free energy maintains a constant dif¬ 
ference in potential across it. The membrane bears the same relation to the 
system as the copper wire between the poles bears to an electric battery. 
Neither is capable of acting alone as a producer of differences in potential. 
Straub predicts the histological structure that will be determined for the 
vitelline membrane of a hen’s egg—a porous sheet in which the fluid-filled holes 
and solid parts provide the liquid and solid phases necessary for the passage of 
electric currents in both directions. 
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Variations in weight and the r6le of water in development. 

The data under discussion in this section are summarised in Tables I and II, 
and in Figs. 1 and 2. The curves are broken at hatching time owing to the loss 
of the shell and perivitelline fluid. Both egg and larval determinations have 
been made on the 65th and 70th days. The time over which hatching normally 
extends is shown on each graph by dotted ordinates, and broken lines give a 
similar indication of the approximate time during which the effects of hatching 
are felt. The special metabolic features associated with hatching show with 
particular clearness in the last eggs to hatch, and the changes in the curves 
cauwsed by these eggs are of particular interest. As t he larvae were selected from 
the main group at random the special features appear in varying degrees, so 
that before the effects of hatching are over some irregularity in the determina¬ 
tions occurs. In other words the internal factors—enzymes for example—which 
adversely affect the eggs during the last stages must injure the late-hatching 
larvae most. 

Table I. Variations in the dry material and water content during development . 
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Absolute figures represent the weights for 100 individuals in grains. In col. 2 e means eggs; s, 
shells; l t larvae. 


Table II. Growth of embryos and plastic efficiency coefficients. 
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Fig. 1 shows that there is no measured decrease in the dry weight until a 
few days before hatching. This is in line with the idea that there is no loss of 
substance through the shell. Just before hatching the membrane becomes thin 
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and loose, permitting an increased water content. The previously noted loss of 
fat in the egg capsule during development may partly account for the decrease 
in dry weight. In the last stages the capsule has become permeable and sub¬ 
stance has passed through. Very little movement is possible for the larva 
within the egg, but after hatching it can swim about freely. The increased 
activity causes a more rapid loss in dry weight until an unexpected plateau 
appears at the 106th day, the former slope being resumed again 10 days later. 
May it not be that this period is one in which there is a change in the nature of 
the sources of energy with which the yolk provides the embryo for its building 
operations? 




Studies on the mechanics of development of trout eggs and larvae have 
Recently come from two sources. Since they differ somewhat with respect to 
observations as well as to theoretical conceptions it is necessary to examine 
them here with a view to determining which agrees more closely with related 
facts. 

Kronfeld and Scheminzky [1926] measured the embryonic length and the 
wet and dry weights of the embryo, yolk sac, and egg capsule during develop¬ 
ment. The species used were TruUa fario and Salmo lacustris as well as hybrid 
eggs. In each experimental series they used eggs of one group with unfertilised 
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eggs as controls. The method involved preliminary hardening in 2 to 4 % 
formalin, but they produce evidence to show that this caused no significant 
changes. The water content of the egg as a whole did not appreciably vary up 
to the time of hatching. They have not distinguished between early and late 
hatching eggs and have therefore missed the sudden rise in the percentage of 
water which occurs just before the hatching of the latter. There was a loss of 
water at hatching, owing to the loss of the capsule and peri vitelline fluid, 
followed by a rapid rise which continued until the end of development. They 
found that the water content of the embryo alone dropped until hatching and 
then rose suddenly, to reach its final level of 86 % three weeks later. The yolk 
sac alone contained 66 % of water in the early stages. From this tension the 
water dropped to as low as 50 % a week after hatching, followed by a rise so 
that the normal figure was reached again two weeks later. The developing 
embryo faced the problem of building living tissue of high water content 
from yolk of low water content. Presumably the living cells could only absorb 
water through the yolk sac, and for some days after hatching the water taken 
was not replaced. When the living tissue was almost in equilibrium again the 
water in the yolk sac commenced to rise. There was evidently some delicate 
adjustment of organism to environment, on the nature of which we may be 
able to speculate after considering the chemical changes [Hayes, 1930]. 

An investigation was also made of the specific growth rate during develop¬ 
ment, that is how much new tissue can be built per unit embryo per unit time 
at different ages. According to Kronfeld and Scheminzky’s fig. 4 the curve of 
building power rose to two peaks, one of them 16 days before hatching, and 
the other 23 days after hatching. Anatomically the first maximum corresponded 
to the formation and growth of the chief organs of the body, the ensuing drop 
being due to a form of starvation owning to lack of w^ater. The drop after the 
second maximum they attributed to the lack of some necessary material in the 
yolk, and they point out that this is the time at which hatchery experience 
has shown it is best to begin feeding the larvae. 

Similar investigations to those just described have been carried out on the 
same species of trout (Salnw fario in British terminology) by Gray [1926, 
1928]. The variations of the wet and dry weight of the egg or larva, embryo, 
and yolk (by difference) were found. The figures presented show that the 
embryonic water content remains constant at approximately 84 %, and that 
of the yolk at 59 %. These results indicate that the hatching process does not 
affect the water content of the yolk or embryonic body. The dry weights given 
in the second paper are calculated on this assumption. 

Gray has also given figures for the specific growth rate during development, 
which are in agreement with those of Kronfeld and Scheminzky. His observa¬ 
tions began at the 44th day, or after the time of the first maximum. The two 
curves inflect when the larva has completed about 70 % of its development. 
The agreement on this point may be accepted as proof that by this stage both 
the embryo and yolk have an unchanging water content. It is possible to 
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calculate the weight of the salmon embryo and yolk at this stage by weighing 
the whole larva wet and dry (see below). According to all workers the larval 
wet weight increases for some time after hatching, and then decreases until 
the embryo begins to take outside food. The water content however (Fig. 2), 
after the fluctuations subsequent to hatching, rises steadily until the embryo 
begins to feed. Therefore in the later stages the loss in dry material is greater 
than the gain in water. Increases in water are associated with the transforma- 
tion of yolk into living tissue, and losses in dry substance are due to the cata¬ 
bolism of the embryo. 

In Table II the plastic efficiency coefficients represent the ratio 

gain in embryonic dry material 
loss in yolk dry material 

This coefficient has been determined for a number of forms, and in a given 
species it may be assumed to be of the same order throughout larval develop¬ 
ment. It is given here for the salmon with the object of showing that by de¬ 
terminations of the wet and dry weight of the larva it can be decided inde¬ 
pendently whether the embryo and yolk have a constant water content. Data 
from the egg are invalid since two unknown variables are included, the shell 
and the perivitelline fluid. Assume, as Gray did, that both embryo and yolk 
actually maintain a stablised water content which may be found experimentally 
and applied to larvae of other ages. The dry weight of the embryo, yolk or 
larva is equal to the wet weight multiplied by the percentage of dry substance. 
The total larva is equal to the sum of the embryo and yolk. Instead of “yolk 
wet weight” can be written “larva wet weight minus embryo w r et weight.” 
Hence the following equation is true: 

% dry wt. larva x wet wt. larva = % dry wt. yolk (wet wt. lar.— wet wt. emb.) 

+ % dry wt. emb. x wet wt. emb. 

The only unknown is the embryonic wet weight which is found by solving the 
equation. The equation can be conveniently expressed by a formula. Let 
T = total wet weight of larva given in col. 3, Table I; let x -= total wet weight 
of embryo; let a ~ % dry weight of larva found by subtracting the value in 
col. 5, Table I from 100; let b =» % dry weight of yolk experimentally found 
to bo 33 in later larval stages; let c = % dry weight of embryo experimentally 
found to be 16 in later larval stages. The value 16 for c is among the highest 
found, but the position of any possible inaccuracy will be obvious when one 
remembers that it is dependent on the removal of all moisture from the outside 
of very small embryos dissected away from their yolk sacs. The fresh embryos 
used were fragile and it was difficult to remove all the water. The use of the 
figure 16 brings the theoretical results into harmony with direct observations. 
The following is the equation: 

aT * b (T — x) + cx, ’ 


or it may be written 


6-c 
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An attempt was made to apply this formula to each of the larval weights de¬ 
termined* The 65th and 70th day calculations gave the embryonic weight 
as a minus quantity; the 76th day as exactly zero; and on the 79th day 
1*715 g. or double the experimentally observed value. The figures from the 
86th day forward are given in col. 2, Table II, and in col. 6 the plastic 
efficiency coefficient (p.e.c.) is recorded. The latter figures (with one exception 
due to experimental error) agree quite well and show that after the 86th day 
the embryo and yolk have a constant proportion of water. The lack of 
uniformity of the calculations made before the 8th day provides independent 
evidence in favour of Kronfeld and Seheminzky’s statement that the water 
content does not become stabilised for some time after hatching. 

Col. 6, Table II also compares the p.e.c. over a long period (36 to 124 days) 
with that of the later larval stages. From this it may be seen that the coefficient 
increases somewhat during development. The 36-day figures quoted were ob¬ 
tained in the usual way and a correction applied for the shell. Their accuracy 
is probably not of a very high order, but this is offset by the small size of the 
embryo. 

The form of the growth curves given by Gray, and Kronfeld and Scheminzky 
shows that after the second maximum an ever-increasing proportion of the 
yolk supplied is burned to provide energy of maintenance, while a decreasing 
share is built into new tissue. In other words basal metabolism steadily re¬ 
places growth. If no outside food were provided the embryo would finally 
cease to grow, become emaciated, and die. Thus if the p.e.c. given above had 
extended until the disappearance of the yolk sac it would necessarily have 
declined, indicating that the larva was wasting more food at the end of develop¬ 
ment. The conceptions of growth recently developed by Terroine and his col¬ 
laborators show that this is not really the case. [Complete references may be 
found in Terroine and Wurmser, 1922, and in de Caro, 1928.] We are dealing 
here only with matter, and leaving out of consideration the energy of main¬ 
tenance of the cells already formed. Any cell must carry on metabolism if it 
is to remain alive and this basal metabolism is not waste. The real energetic 
efficiency must be calculated according to the formula 

energy gained by embryo_ __ 

energy lost by yolk - energy of maintenance 

Some observers have attempted to distinguish between non-basal metabolism 
(wasteful burning of food) and basal metabolism (energy of maintenance) by 
measuring the surface area and assuming that the latter bears a constant re¬ 
lation to basal metabolism. Not wishing to rely on surface laws Terroine and 
Wurmser made their experiments directly, by finding the way in which the 
growth of slime moulds was hastened or retarded by adjustments of the p B 
of the culture medium. The real developmental efficiency of different embryos, 
such as the frog, silkworm and chick, is of the same order. They waste from 
20 to 30 % of the energy provided for their development. Accurate figures for 
the real energetic efficiency of a fish are not yet available. 
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SUMMARY. 

1. The wet weight of a salmon egg increases slowly until a short time 
before hatching, then rapidly. In the larva the wet weight first increases and 
then decreases. The dry weight drops rapidly after hatching. 

2. Observations on hatching show that the enzyme which dissolves the 
shell has a very unfavourable effect on the embryo. 
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(Note added to proof.) In a further contribution (PjlUger's Arch. 1929,223, 645), Scheminzky 
discusses at length the discrepancies between his results and those of Gray. If Scheminzky 
discards his own experimentally obtained figures for the variations in embryonic water 
content during development, and assumes as Gray does that this is constant, he is able to 
apply Gray's equations to his other results and obtain a similar curve. He finds an agree* 
ment in experimental observation, the disharmony of the conclusions being due, first to the 
above mentioned assumption, and second to a difference in mathematical treatment. “ Die 
\Yaohstumakurve nach Gray stelit aomit einfach die in einem bestimmten Zeitpunkt vorhandeme 
Menge von embryonaler Bubstanz dar, ohne liber die Intensity dea Waohatuma cine Auasage zu 
maohen." 
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Introduction. 

There is much evidence in the literature of embryonic metabolism which goes 
to show that during the course of its development the embryo makes use of 
foodstuffs as energy sources in the order carbohydrates, protein, fat. With this 
idea in mind Needham and Murray [see Needham, 1927] have recently 
ascertained the wet and dry weights, and the constitution, concentration, com¬ 
bustion, and absorption of yolk materials, of the developing embryo. The peak 
of carbohydrate combustion and absorption was found to be on or before the 
4th day. With protein there was no correlation whatever between absorption 
and combustion; the peak of combustion at the 9th day came just at the 
trough of absorption, and by the time the peak of absorption was reached on 
the 16th day combustion had ceased to be a factor. A similar statement can be 
made for fat, the absorption of which rose to a peak by the 9th day, dropped 
to a trough by the 15th day and then rose until the end of development. Thus 
fat and protein complement each other during the later stages as sources of 
material for the formation of living tissue; their curves are reciprocals. It is 
probable that the cells of the blastodermal blood vessels which absorb the yolk 
and white into the embryo, have periods of varying permeability to water- 
soluble and fat-soluble substances. Of the end-products of protein combustion 
ammonia reaches a peak first, then urea, and finally uric acid. At the time of 
transference from protein to fat as a chief source of energy the cost of con¬ 
structing 100 mg. of living tissue is greatest. The results of these workers are 
mentioned because they suggest the explanation to so many of the observa¬ 
tions here recorded. It cannot be stated at present exactly to what extent the 
fish resembles the bird in the chemistry of its development. The scarcity of 
carbohydrate in fish eggs accounts for one difference. 

Chemical analyses of Atlantic salmon (Salmo salar) eggs are not available 
hut Greene [1921, 1, 2] removed mature ova from the body cavity of the king 
salmon (Oncorhynchus tschawytscha) and determined the following percentage 
composition* water 57*93, protein (alcohol precipitate) 26*79, neutral fat 
10*42, phospholipins 2*0, orgamc extractives 1*42, glucose 0*09, inorganic ash 
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0*65. For trout eggs (Trutta fario) Faure-Fremiet and Garrault [1922, 1, 2] 
have found the following percentage composition: water 58*5, protein (total 
nitrogen x 6*25) 29*81, neutral fats 4*20, phospholipins 3*46, cholesterol 0*58, 
carbohydrates 0*34, ash 1*25. They were unable to find glycogen in the egg, but 
determined that the reducing sugar isolated was glucose. 

Some recent work, which will be further discussed, has led to the conception 
that an aquatic egg is essentially different from a terrestrial one in two ways. 
First the products of its protein combustion are excreted through the shell, 
and second the supply of water for the developing embryo is unlimited. The 
latter idea has been discussed at length in the foregoing paper [Hayes, 1930], 
Protein metabolism is held to be limited in terrestrial eggs by some factor con¬ 
nected with the increasing concentration of nitrogenous end-products. Thus 
protein is a minor source of energy in terrestrial embryonic development, and 
a major source in aquatic embryos. Another explanation is possible, using the 
ever attractive theory of recapitulation. Up to about the 7th day the chick 
embryo develops like a fish. It combusts and absorbs chiefly protein. Then the 
vitelline membrane (corresponding to the fish egg shell) finally disappears and 
its place is taken by the serosa. The embryo gradually loses its dependence on 
protein, ceases to be a fish, changes into a bird. The fish at this stage hatches 
and continues to rely on protein as the main source of food supply during 
larval development. 


Material and methods. 

Eggs of the Atlantic salmon (Salmo salar) were procured in the eyed stage, 
reared, weighed, and dried as described in the first paper of this series. The 
dried material was then analysed for protein and fat. 

Fat was extracted in a Soxhlet apparatus, the eggs having been previously 
pulverised; this latter procedure was unnecessary with the larvae. Extraction 
was allowed to proceed in the usual way for 3 hours with the siphon operating 
every 5 minutes, re-extraction of some of the samples having shown that this 
period was of sufficient duration to remove all the fatty constituents. After 
extraction the solvent was distilled off and the residue and extract dried to a 
constant weight. The extract was always slightly heavier than the residue loss. 
The former has provided the data recorded, except in one or two cases of 
obvious experimental error in which the residue loss, appropriately corrected, 
has been used. 

. r The fat values given are the result of carbon tetrachloride extraction. The 
relative merits of ether and carbon tetrachloride as fat extractives have been 
discussed by several workers. Johnstone [1918] found 1*0 to 1*62 % of nitro¬ 
genous substances in carbon tetrachloride extracts of herring tifcsue. Bull [1928] 
preferred to use ether for similar work. It is always desirable, and particularly 
so in studies of developmental mechanics, to differentiate between lower 
nitrogenous substances such as protein building stones, aminolipins, eta, and 
the true proteins. Greene [1921, 1] calls the former substances “organic 
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extractives ” to distinguish them from the neutral fats and phospholipins. In 
more general analyses they should be placed with the fats rather than with the 
proteins. Carbon tetrachloride is to be preferred as an extractive if it will 
remove these lower substances and thus permit a more accurate estimate of 
the proteins in the residue. If its extract contains slightly more nitrogen than 
ether extract of similar tissue it is fair to assume that this excess represents the 
simplest organic nitrogenous substances present. Differences in extractive 
power may be entirely due to temperature. In ordinary procedure ethei 
extracts at slightly below its boiling point of 35°, while carbon tetrachloride 
extracts at slightly below 77°. Greene considered it necessary to modify his 
apparatus in order to ensure the highest possible temperature for extraction. 

The first point was to determine whether there was a quantitative dif¬ 
ference between the two types of extracts, and this was done using eggs of the 
common lumpsucker (Cyclopterus lumpus). Three samples were extracted with 
ether, then dried, weighed and extracted with carbon tetrachloride. The 
averaged results showed that 98-5 % of the total extract was removed by the 
ether and the remaining 1*5% by the carbon tetrachloride. Estimations 
showed that the percentage dry weight of nitrogen in ether extracts is 0*287, 
and in carbon tetrachloride extracts it is 0*354. Combining these results we 
find that 19 % of the total nitrogen is contained in the carbon tetrachloride 
fraction. Ii} other words the 1*5 % extra fat which the carbon tetrachloride 
removes contains 6*73 % nitrogen, a figure which is not far from the pro¬ 
portion in the egg as a whole. This extra nitrogen, however, is not capriciously 
taken from the main store of protein. Longer or repeated extraction will never 
remove any more, so that it must represent a specific type of compound in the 
egg—some product of protein breakdown. In a developing system such re¬ 
arrangements are of the greatest interest, so that carbon tetrachloride, which 
differentiates to a greater extent than ether, is to be preferred as an extractive. 
It must be further noted that the nitrogen removed is in any case a relatively 
small fraction, amounting with carbon tetrachloride to 0*924 and with ether 
to 0*707 % of the total in the egg. Thus in about 25 % of the dried tissue ex¬ 
tracted as fat considerably less than 1 % of the nitrogen is included. All these 
figures have been checked by another method, namely the analysis of eggs for 
nitrogen before and after extraction. The two sets of results showed close 
agreement. 

Nitrogen was estimated by the Kjeldahl method, using 0*5 g. of dry fat-free 
substance. For percentage values it was necessary to apply a correction for the 
extracted fat. After some consideration it was decided to follow the classic 
practice of stating that the protein factor 6*25 is incorrect for fish tissues, 
pointing out why it is incorrect, and then using it. The question of non-protein 
nitrogen is discussed elsewhere. 

The ash was determined by gently heating 0*5 g. of dry fat-free substance 
in a lightly covered silica crucible for 1 hour, then applying intense heat until 
the ash became colourless. Bruce [1924] has pointed out that some of the 
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volatile chlorides are driven off during the heating and some phosphorus in 
organic combination may be extracted with the fat, but these small quantities 
are within the limits of experimental error. 

The Winkler method was used to determine the oxygen requirements of the 
developing eggs and larvae. A large receptacle was filled with tap water and 
allowed to stand until equilibrium with the atmosphere had been reached. 
Water was then siphoned from the receptacle into a 6-litre jar of accurately 
known capacity, from which samples were taken for oxygen estimation. One 
group of 1000 eggs was used for all the tests, these being placed in the jar and 
the lid sealed on, avoiding included air. Sometimes a bubble appeared in the 
jar during the course of the experiment, probably released from the slightly 
supersaturated water, but the error so introduced was not great enough 
seriously to affect the results. The duration of each test with eggs was 2 hours, 
a period in which less than 10 % of the available oxygen was used. The 
suddenly increased oxygen requirements after hatching necessitated a change 
in the routine, and 200 larvae were allowed to breathe for one hour in the jar. 
Burfield [1928] showed that the oxygen consumption rate of plaice eggs de¬ 
creases in a closed vessel owing to the small quantities of carbon dioxide pro¬ 
duced. Respiration was normal with a greatly diminished oxygen supply. The 
analyses here given indicate that the respiratory quotient is almost constant 
throughout development, so that by the standard methods adopted any 
decrease in oxygen consumption is the same in all cases and can be disregarded. 
During experiments the large jar was kept immersed in a tank to ensure 
standard temperature conditions. The eggs or larvae were kept frequently in 
motion by turning over the jar every 15 minutes. At the conclusion the lid was 
removed and water samples taken. A siphon reached to the bottom of the 
sampling bottle and water was allowed to flow over the top until three times 
its volume had passed through. Then the siphon was removed and the bottle 
stoppered without included air, so that the sample taken had not progressed 
toward equilibrium with the atmosphere. All determinations were made in 
duplicate, and care was taken frequently to standardise the sodium thio¬ 
sulphate solution against potassium permanganate solution, which was itself 
frequently standardised against potassium tetra-oxalate. Infrequently one of 
the readings w r as wide of the mark and was discarded; in other cases the figures 
quoted are averaged from all four determinations. 

Protein variations during development. 

The results of the protein determinations are shown in col. 3, Table I, 
and in Fig. 1. The first important point is that the larva has a larger proportion 
of protein than the egg. The sudden rise at hatching can only mean that the 
protein is relatively more concentrated in the larva than it is in the shell and 
perivitelline fluid. But an analysis of egg capsules three weeks before hatching 
shows that the protein and water content are higher than in the egg as a whole* 
Some of the protein in the egg capsule has been destroyed before hatching by 
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the secreted enzyme. The rise in the total protein of the egg just before hatching 
is due to the method of calculation, which assumes that all the nitrogen is 
protein-nitrogen, which is never quite true and sometimes not as approximately 
true as at other times. Nitrogen is present in forms which are extracted with 
the fat (see next section). The measured protein content of the larva rises 
because yolk-protein of low nitrogen content is transformed into living tissue- 
protein of high nitrogen content. The sudden percentage decrease before 
hatching is merely a reflection of the greatly increased water content. 



Table I. Varialions in the chemical composition and 
oxygen consumption during development. 


1 

2 

3 

4 

5 

6 

7 

Days 

after 


Protein 

Fat 

Remainder 

Smoothed 

remainder 

Oxygen 

fertilisation 

Material 

o/ 

/o 

<> 

/O 

o 

(> 

o 

o 

consumption 

36 

e 

21*98 

3*98 

5*49 

5*45 

0*060 

40 

a 

21*42 

4*94 

5*19 

5*31 

0*075 

44 

e 

21*17 

4*81 

5*17 

5*17 

0*068 

46 

8 

22*30 

— 

— 

— 

— 

60 

e 

20*15 

4*93 

5*87 

4*97 

0*066 

56 

e 

21*20 

5*01 

3*04 

4*80 

0*055 

60 

e 

21*15 

5*00 

4*70 

4*63 

0*052 

65 

e 

21*43 

4*94 

4*48 

4*46 

0*049 

65 

l 

24*54 

3*00 

6*71 

5*49 

— 

70 

e 

20*35 

4*47 

4*63 

4*29 

— 

70 

l 

22*60 

420 

5*15 

5*16 

0*433 

76 

l 

22*90 

4*06 

4*79 

4*77 

— 

79 

l 

22*50 

4*06 

4*89 

4*58 

0*471 

86 

l 

21*05 

5*83 

3*17 

4*12 

— 

90 

l 

22*10 

5*63 

1*62 

3*86 

0*729 

04 

l 

20*45 

4*87 

3*73 

3*59 

0*629 

100 

l 

19*06 

5*16 

2*53 

3*20 

0*956 

106 

l 

17*80 

5*41 

2*94 

2*82 

— 

111 

l 

17*36 

506 

3*13 

2*49 

— 

116 

• l 

16*91 

5*18 

2*54 

2*18 

— 


Each oxygen figure is the requirement of 1000 individuals in 2 hours. Absolute figures represent 
the weights lor 100 individuals in grams. For “remainder” calculations before hatching the 
averaged ash value of 016 g. or 1-25 % is used; after hatching 0*134 g. or 1-25 %. In col. 2 
e means eggs; s, shells; l, larvae. 
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The activity of the free-swimming larva is shown by the rapid rate at which 
the protein is burned after hatching. The suddenly increased rate of com¬ 
bustion at the 100th day followed by a diminution 10 days later, marks this as 
a critical period in development. Morphological considerations offer no solution. 
Now Needham [1927] found that in the chick the point of maximum protein 
combustion is also the point at which the greatest quantity of substance is 
burned per unit of new tissue formed (this is not necessarily true on theoretical 
grounds), and it is just at this period that the transfer from fat to protein is 
going on. He cites Terroine, Trautman and Bonnet’s results showing that such 
a transference results in an extra energy loss of 23 %. In the salmon fat begins 
to disappear at this point, and it also corresponds to the second growth rate 
maximum in the trout. A morphological examination shows that there is still 
an abundance of protein in the yolk sac. It is the physico-chemical properties 
of the organism and not a lack of food which determine why it should suddenly 
start to dilute its protein diet with fat. 

The “remainder” values to be found in Table I and in Fig. 2, have been 
found by subtracting the total of the other values from the total weight of the 
egg or larva or from 100 (col. 5), and then smoothing these values into two 
straight lines corresponding to the periods before and after hatching (col. 6). 
(The values for total weight and water content are given by Hayes [1930], 
Table I.) The smoothed values were calculated using the simplest case of the 
method of moments where 

y r= a -f bx 


b — 3 1 . m i 

r 2i i 

y ~ vertical ordinate; x = distance from centre of range; 21 = range; m^ — total 
area (sum of the frequencies); and = first moments about the centre of the 
range. The method is described by Elderton [1906]. The curves in Fig. 2 have 
been plotted along the smoothed values, although the points shown represent 
only the unsmoothed figures. (The ash content showed no significant variations 
during development. Its average for 100 eggs was 0-160 g.; for 100 larvae 
0-134 g. The percentage throughout development was 1-25. These constants 
have been used to calculate the “remainder.”) 

Since the “remainder” values involve so many sources of error a high 
degree of conformity between the smoothed and unsmoothed values cannot be 
expected, but the points show clearly that at the time of hatching the slope of 
the curve suddenly steepens. The possible carbohydrate content of the eggs is 
small and cannot explain the “remainder.” Water, fat and ash contents have 
been determined directly and any possible error could not vary with the de¬ 
velopmental stage. With the protein, however, the procedure of multiplying the 
total nitrogen by 6*25 (or any other factor) involves the assumption that the 
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relation of nitrogen to protein is the same in different stages of development 
and in different egg constituents. From the entrance of the spermatozoon 
until the larva begins to take outside food there is nothing added to the egg 
except water, so that all the nitrogen must have been there from the beginning 
although more of it was missed in the earlier stages than later. Levene [1901] 
has shown that the nucleoproteins of the cod egg, which are especially rich in 
nitrogen, and moreover are required for the formation of cell nuclei, increase 
during development. The period of salmon development considered is one of 
rapid growth, and differences in constitution between embryo and yolk show 
with increasing clearness in successive analyses. Probably increasing nucleo- 
protein explains the form of the “remainder” curves. Stated otherwise the 
curves show that in the system as a whole the amount of protein corresponding 
to one unit of nitrogen is greater in the earlier stages than later, while the 
method of analysis assumes that it does not vary. 



Since this difference between yolk and embryonic protein is a true one it is 
interesting to gain some idea of its magnitude. By what figure should the total 
nitrogen (after fat extraction) be multiplied in order to find the total embryonic 
or yolk protein? It is necessary to assume that substances other than water, 
protein, fat and ash are present in such small quantities that they may be dis¬ 
regarded. In col. 5, Table I, there is a “remainder” of 5*49 for the 36-day eggs. 
This means that on the above assumptions the correct protein value should be 
27*47 instead of the 21*98 shown in col. 3. To obtain this value a factor of 7*81 
must be used. From cols. 2 and 3, Table II [Hayes, 1930], the weight of the 
embryo and yolk at this age may be obtained and expressed as percentages; 
they are 1*76 and 98*24 respectively. If the same data are sought for the 116- 
day larva it is found that the larval protein factor necessary is 7*19, the 
embryonic weight 41*8, and the yolk weight 58*2. Let x = the embryonic 
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protein factor, and let y ~ the yolk factor, and the following equations are 
true: 

l-7te + 98-24 y = 100 x 7-81 
41*8# + 58-2 y =* 100 x 7-19. 

The solution gives x a value of 6-36 and y a value of 7-82, which means that 
the embryonic protein contains 15-7 % nitrogen and the yolk-protein 12-8 %. 
Embryonic and yolk weights within the egg and other values could be obtained 
by the use of these factors, but such calculations are not justified without con¬ 
firmatory evidence. Research in the choice of a factor in such investigations 
as this is obviously most desirable. 



Fat variations during development. 

The fat extraction results are shown in col. 4, Table I, and in Fig. 3. The 
absolute and percentage values rise steadily until a few days before hatching, 
then decline suddenly. Hatching produces a further drop due to the loss of the 
shell and peri vitelline fluid. During larval development the fat maximum is 
reached at the 106th day, following which both percentage and absolute values 
decrease. There is every indication that fat is being formed from protein during 
the early stages and again during the greater part of larval development. Since 
many fish eggs have very small quantities of fat their ability to synthesise it is 
a matter of very great importance in larval nutrition. A fat increase during 
.development has been found in trout eggs by Tangl and Farkas [1904] and 
Gortner [1913], and in plaice eggs by Dakin and Dakin [1925]. With the plaice 
the amount of fat involved is exceedingly small, amounting to only 0*085 % 
in the beginning and 0-307 % at the end. Fig. 3 shows that there is a large 
decrease in late hatching eggs, owing to the necessity for the embryo to burn 
fat under the^special conditions of hatching. Taken in relation to the protein 
the form of the fat curve suggests that there is one succession of energy 
sources in the egg and another in the larva. 
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Oxygen consumption during development. 

The oxygen consumption records are given in col. 7, Table I, and the 
decrease in hatching is illustrated in Fig. 2. The figures serve plainly to empha¬ 
size what appears from all the other experiments; first that hatching produces 
a complete change in the conditions of development; and second that life pro¬ 
cesses drop to a low ebb under the unfavourable conditions previous to hatching. 
The great activity of the free-swimming larva causes its oxygen requirements 
to be about 10 times as great as in the egg stage. 



Kawajiri [1925] used the Winkler method to investigate the oxygen re¬ 
quirements of the Japanese land-locked salmon (Oncorhyvchus mason). The 
variations in the egg stage were negligible, the curve showing a slight trough 
between the 5th and 10th days. A newly hatched larva consumed 5 times as 
much oxygen as an egg and the rate of absorption rose rapidly until the end of 
development. Fundnlus eggs have also been studied by Scott and Kellicott 
[1916] and by Hyman [1921]. Their results agree except on one point, the 
decrease before hatching. Scott and Kellicott failed to find a decrease, but 
Hyman contradicts this result. Both found that at the time of gastrulation 
there is a marked rise while during the formation of the embryo there is no 
further increase. Another sudden rise when the heart begins to beat is followed, 
according to Hyman, by a gradual decrease until hatching. In the larval 
stages the oxygen requirements are greatly increased. Both workers followed 
the same method, namely the estimation of carbon dioxide by the p u changes 
of the water in which the eggs were breathing. 

The nature of growth. 

In the later stages of egg development there is a gradual increase in water. 
It is important to know to what extent salmonid eggs are completely closed 
systems with respect to water, but there is some conflict in the data. In the 
salmon according to Riinnstrom [1920] and in the trout according to Svetlov 
[1929] there is a decrease in osmotic pressure during development, showing 
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that water is taken up. Gray [1920] found that in the trout the osmotic pres¬ 
sure of the yolk remains constant during development. Kronfeld and Sche- 
niinzky [1926] follow the conceptions of Tangl in regarding the egg as a com¬ 
pletely closed system. Since the results given here agree with those of some 
other workers and have been obtained by direct measurement they may be 
accepted provisionally. 

It had been believed that different osmotic pressures existed in the egg con¬ 
tents, but Svetlov [1929] found (on adequate theoretical grounds) that the 
embryonic osmotic pressure is the same as that of the yolk. Assuming that 
substances necessary for growth do not enter the egg from the environment, 
facts are now at hand for a revised story of the process of embryo building. 

As the embryo grows the proportion of salt remains equal to that of the 
yolk, but that of the organic material is much lower. For building operations 
there must be a preferential selection of salt. For combustion on the other hand 
there is an exclusive selection of organic material. Within the egg little move¬ 
ment is possible and combustion amounts approximately to the minimum re¬ 
quirements for basal metabolism. It follows that if the water content of the 
yolk remained constant its proportion of salt would necessarily decrease. By 
some property, at the nature of which we can only guess, it maintains a constant 
salt content by expelling water into the perivitelline fluid which (as Svetlov 
showed) steadily increases during development. The decline after the first 
growth rate maximum shows that the increased concentration of colloidal 
material has changed the properties of the yolk. It cannot become indefinitely 
more concentrated—there is a plateau in the curve showing yolk water losses 
(Kronfeld and Seheminzky’s fig. 2). In subsequent development the embryo 
becomes drier and takes more nearly equal proportions of salt and organic 
material. It also begins to bum fat. Speaking of the chick Needham [1927] 
states, U 0ut of 100 g. of protein in it$ diet the embryo can store away 98; out 
of 100 g. of carbohydrate 82; but out of 100 g. of fat only 43.” If this relation¬ 
ship were true in the fish as well it would offer an explanation of the results. 
The embryo must maintain its level of water as constant as possible, and 
the mechanism adopted would be to use an energy source of which a large 
proportion was burned rather than built into new tissue. At the same time the 
enzyme which dissolves the shell is secreted and its unfavourable effects appear. 
At hatching the embryo is suffering from malnutrition, both embryo and yolk 
are lacking in water, but both have maintained their salt content. In the 
larval condition the embryo immediately begins to recover. It takes up water 
rapidly, and salt in proportion, so that the yolk loses water for a short time. 
The ultimate balance is restored by the greatly increased activity in the free- 
swimming state until finally the yolk has returned to its early water content 
level. This point has been shown to correspond to the second growth rate 
maximum in the trout (Kronfeld and Scheminzky). In the salmon the 
stabilisation of the water content comes just before the second change to fat 
as a source of energy. The embryo has grown so rapidly that the conditions of 
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the later egg stages have repeated themselves and the reaction is the same— 
the selection of fat as building material. There is a decrease in the growth rate 
and the larva first begins at this time to seek outside food. 

These considerations bring the question of the succession of energy sources 
one step nearer to its solution. Attention is focussed on the salt content, and a 
fundamental question is to discover why it must remain constant and what 
happens when it is experimentally changed. 

Summary. 

1. In the developing salmon the protein decreases in the earlier egg stages 
and increases before hatching; in the larval stage it is burned rapidly. It has 
been calculated that embryonic protein contains 15*7 and yolk protein 12*8 % 
of nitrogen. 

2. The fat content rises to two peaks, the first 10 days before hatching, 
and the second 6 weeks after. The decreases after the maxima are believed to 
show a change from protein to fat as a source of energy. 

3. Variations in oxygen consumption indicate that metabolic processes 
drop to a low ebb before hatching and greatly increase in the free-swimming 
larva. 


I am very grateful for the inestimable help of Prof. James Johnstone and 
Dr It. J. Daniel under whose direction this research has been carried out. 
Prof. J. M’Lean Thompson kindly permitted me to improvise hatching ap¬ 
paratus under especially favourable conditions in the Department of Botany, 
University of Liverpool. Much of the material used was provided through the 
courtesy of Mr J. G. D. Watts, Superintendent for the Dee Fishery Board. 
I also wish to thank the Nova Scotia I.O.D.E. and the International Education 
Board for financial assistance. 
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Introduction. 

During the course of other work, it was found necessary to estimate the 
hydroxyl groups in a substance believed to be a dihydroxy-alcohol [Marriau, 
1929], of which only a small amount was available. A search of the literature 
failed to reveal any suitable micro-method. Experiments carried out on the 
hydrolysis of acetates of known purity led us to conclude that methods based 
on this were entirely unreliable when carried out on small quantities. The 
method based on the volumetric determination of the methane evolved wdien 
an alcohol reacts with Grignard’s reagent as used by Tschugaoff [1902|, 
Hibbert and Sudborough [1904] and Zerewitinoff [ 1907) seemed to be the most 
suitable for adaptation to a micro-scale. 

Preliminary experiments made it quite clear that, unless certain precautions 
were most rigidly observed, entirely irregular results were obtained. 

Hibbert and Sudborough emphasise the necessity of working in an atmo¬ 
sphere of nitrogen, since oxygen is absorbed by Grignard’s reagent. Zerewitinoff, 
on the other hand, states that, since oxygen is only slowly absorbed by the 
reagent, it is unnecessary to work in an atmosphere of nitrogen. In our first 
experiments, when we did not observe the precaution of filling the apparatus 
with nitrogen, we were troubled with a rapid and prolonged contraction in 
volume of the gas in the burette, making it quite impossible to obtain a steady 
initial reading. 

After blowing out the apparatus with dry nitrogen, this contraction was 
decreased greatly in magnitude, making it possible to obtain a steady initial 
reading after the lapse of some hours. 

Very small variations in temperature and pressure should result in only a 
very slight error in macro-determinations when the volume of the gas burette 
is large relative to the total gas volume of the apparatus. In our micro¬ 
apparatus, the total gas volume was relatively enormous compared with the 
changes in volume which were being measured. Consequently small changes in 
temperature and pressure were observed to introduce appreciable errors. By 
suitable means the temperature was kept sufficiently constant, but variations 
in barometric pressure have constantly caused trouble. In unsettled weather, 
the pressure may change 3-4 mm. during the course of half an hour, making it 



DETERMINATION OF HYDROXYL GROUPS 


747 


impossible to obtain steady readings. We found it necessary to observe the 
height of the barometer constantly during the course of an experiment, and 
if necessary to abandon the experiment for the day. The only alternative 
would be to reduce the total gas volume of the apparatus considerably. This 
would necessitate working with a much smaller reaction flask, which in many 
ways would be inconvenient. 

The usual method of carrying out macro-determinations is to dissolve the 
alcohol which is being examined in some inert solvent, preferably the ether 
with which the Grignard reagent is made, and to allow this solution to react 
with the reagent. The difficulty of drying and keeping dry such a solvent sug¬ 
gested to us that for micro-determinations it would be preferable to allow the 
reagent to react with the solid alcohol. This method has been found to work 
excellently provided the alcohol is readily soluble in the ether of the Grignard 
reagent. 

Preliminary determinations showed us that high results were invariably 
obtained unless the reaction flask and the substance being examined were dried 
with extreme care. Even so. blank determinations have always given an 
appreciable volume of gas. The magnitude of the blank seems to vary with the 
exact technique of cleaning and drying the flask, and also with the size and 
nature of the flask itself. With the same flask and with standard conditions of 
cleaning and drying, the blanks have been reasonably constant for a series of 
experiments. It has been our practice to do at least one blank determination 
to every two alcohol determinations. 

A number of determinations on some of the common higher fatty alcohols 
were carried out satisfactorily using amyl ether and anisole Grignard reagents. 
Attempts were then made to estimate the hydroxyl groups in substances in¬ 
soluble in these ethers or having only a very slight solubility. Determinations 
carried out on glucose and the dihydroxy-alcohol from the urine of pregnancy 
[Marxian, 19*29] yielded the rather surprising result that no gas at all was 
evolved. 

It was obviously necessary to dissolve such substances in some solvent that 
does not itself react with the reagent. Pyridine has been used by several 
workers in the past for this purpose, but there is some difference of opinion as 
to its suitability. Tanberg [1914], who was unable to obtain consistent results, 
criticises the use of pyridine. Zerewitinoff [1907] on the other hand claims that 
pyridine is well suited to the macro-method, giving consistent and accurate 
results if a few necessary precautions are observed in drying the pyridine and 
preparing the Grignard reagent. He suggests that the gas evolved when these 
precautions are not observed is ethane, produced according to the following 
equations: 

1. C 0 H 6 N+CH s I —* C 6 H 5 N 

,ch 8 ch* x 

2. C 6 H 5 N<^ + ^Mg -* 0 6 H 5 N 4 Mgl 2 + C 2 H< 
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and, therefore, if the Grignard reagent is quite free from methyl iodide, no gas 
is evolved. 

With regard to the reaction between pyridine and Grignard’s reagent we 
are in agreement with Zerewitinoff. When the reagent was prepared in the 
ordinary way, a large volume of gas was evolved when it was mixed with dry 
pyridine. If, however, the excess methyl iodide was first removed from the 
reagent by heating under reduced pressure, only a very small amount of gas 
was evolved with pyridine. The white solid compound that the reagent formed, 
even with dry pyridine, reacted completely but slowly with alcohols. 

In spite of this the method proved to be a failure for micro-estimations, as 
the variations in the blanks caused by the introduction of another possible 
“ wet factor ” were so enormous. We thought at first that the method might be 
of use in distinguishing between the number of hydroxyl groups present in an 
alcohol, but even this is not too reliable, having an error up to 24 %. 



Experimental. 

Apparatus. 

The apparatus used was essentially the same as that previously described 
by Zerewitinoff (Fig. 1). The burette had a capacity of 5 cc., was 50 cm. long 
and graduated to hundredths of a cc. The flasks used were of two types (Fig 1 A 
and R). In all those experiments where pyridine was not employed, a flask 
of type A was used. Since, in the pyridine experiments, it was desirable to 
reduce the volume of the flask as much as possible to keep the blank to 
reasonable dimensions, a flask of type B was used having a capacity of about 
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one-half of that of type A . This second type of flask has been found to be very 
satisfactory and is probably preferable for all determinations. 

The apparatus was kept as far as possible at a constant temperature by 
running a rapid stream of tap water through the jacket surrounding the 
burette, and through the water-bath in which the reaction flask was placed. 
In order to have as much as possible of the apparatus at a constant tempera¬ 
ture, the rubber connections between the flask and the burette were made as 
short as possible. 

A three-way tap connected the circuit with a large flask (C) which was kept 
filled with dry nitrogen, so that if for any unforeseen reason, e.g. change in 
barometric pressure, the mercury level in the burette was too high when the 
initial reading was to be taken, more nitrogen could be run into the burette. 

Preparation of Grignard’s reagent . 

(a) Amyl ether reagent. The amyl ether was dried by standing over sodium 
for at least a week. V. was then redistilled. 4*5 g. pure magnesium ribbon were 
then heated in a dry flask on a sand-bath with 25 g. methyl iodide, 140 cc. 
amyl ether and a small crystal of iodine under a reflux condenser for about 
15 minutes to start the reaction. The flask was then removed from the sand- 
bath and the reaction allowed to proceed by itself for about one hour. When the 
reaction slowed down, the flask was again heated for about an hour to com¬ 
plete the reaction. In the case of the reagent used for the pyridine experi¬ 
ments, the flask was heated under reduced pressure for about 15 minutes to 
remove the last traces of methyl iodide. The reagent prepared in this way 
remained clear and active for 2-3 months if kept in a tightly stoppered flask 
filled with dry nitrogen. 

(h) Anisole reagent. The anisole reagent was prepared by exactly the same 
method as described above, substituting anisole for amyl ether. This reagent 
was far less stable than the amyl ether reagent. In the course of two or three 
weeks it deposited a heavy white precipitate and lost its power of reacting 
with alcohols. 

Drying and, clean ing of apparatus. 

The exact technique of cleaning and drying the reaction flask and the 
pipettes used for measuring the reagents has been found to affect the magni¬ 
tude of the blank. As a minimum blank is essential the methods of cleaning and 
drying have been varied to some extent in the different series of estimations 
carried out. 

In series A (Table I), the flask, which was made of ordinary glass, w r as 
washed out in succession with hot water, dilute hydrochloric acid, water and 
finally acetone. It was then dried for at least 3 hours in an oven at 110°. 
Before use the flask was cooled in a desiccator over calcium chloride for 
30 minutes. 

In series B the flask, which was made of silica, was cleaned first- with hot 
water and then boiled in a solution of chromic acid for at least an hour. The 
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flask was then washed thoroughly with distilled water, heated to 110° for 
30 minutes and finally to 170° for at least 3 hours over a dish of calcium 
chloride. As in series A, the flask was cooled for 30 minutes in a calcium chloride 
desiccator before use. The latter technique was adopted for series C (Table III) 
andseries D (Table IV). 

In each case the pipettes were cleaned and dried in the same way as the 
flask. 

In preliminary experiments, we found that high results were invariably 
obtained unless special precautions were taken to ensure complete dryness of 
the substance under investigation. The bottle of substance was therefore left 
in a calcium chloride desiccator for several days before weighing the sample 
for the estimation. The sample, which was weighed into a small tube made by 
cutting down a hard-glass combustion tube to a length of about was then 
placed in a desiccator over P 2 0 6 for at least 24 hours before use. 

Drying the pyridine. The pyridine was allowed to stand over anhydrous 
barium oxide for a week and then distilled into a bottle containing fresh 
barium oxide. 


Method of determination. 

The exact method of carrying out the determination with the solid alcohol 
(without pyridine) was as follows. For 30 min. nitrogen was passed first 
through a calcium chloride tube and then through the apparatus, entering at 
the nitrogen reservoir and leaving at the rubber connection to which the flask 
was to be attached. The mercury in the burette was then adjusted to a suitable 
level by raising or lowering the reservoir slowly. The flask was then taken from 
the desiccator and rapidly blown out with a stream of dry nitrogen. The tube 
cont aining the substance was dropped into the flask and 3 cc. of Grignard 
reagent run into the side tube through a pipette and the special funnel shown 
in Fig 1 (D). The flask was then fitted to the greased stopper previously at¬ 
tached to the rubber connection of the burette. This was invariably carried out 
in the late afternoon, and the apparatus left overnight before taking the 
initial readings, so that any residual oxygen could be completely absorbed. The 
following morning, readings of the level of the mercury were observed at 
intervals of 10 min. after the temperature of the bath had become constant. 
When at least four consecutive readings were the same, the flask was taken 
from the bath, the reagent tipped out of the side-tube on to the alcohol, and 
'the flask shaken vigorously for some minutes. Alternate shakings and readings 
were made until the mercury level was constant. The flask was then replaced 
in the water-bath to attain the correct temperature and readings were taken every 
few minutes until constant, the whole operation usually taking about 15 min. 

The procedure in the experiments where the alcohol was dissolved in 
pyridine was different in several details. After removing the flask from the 
desiccator and blowing it out with nitrogen, one of us (A) placed the tube con¬ 
taining the alcohol in one leg of the flask while the other (B) measured out 
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3 cc. of Grignard reagent. While B was running the reagent into the other leg 
of the flask, A measured out 1 cc. of pyridine and then ran it into the leg con¬ 
taining the solid alcohol. B then connected the flask to the burette. 

The following morning we invariably found that a crust of white solid 
about 2 mm. thick had formed on the surface of the reagent. We suggest that 
this was due to the withdrawal of final traces of water from the pyridine. 

On tipping the Griguard’s reagent into the leg of the flask containing the 
pyridine solution of the alcohol, a precipitate, presumably an addition com¬ 
pound of pyridine and the reagent, at once formed. The thickness of this pre¬ 
cipitate caused the evolution of the gas to be extremely slow, and shaking at 
intervals for at least 40 min. was found to be necessary for the completion of 
the reaction. By tapping the leg of the flask and then shaking, the curd could 
be broken and poured from one leg of the flask to the other. This hastened the 
evolution of gas considerably. The reaction was considered to be complete 
when three consecutive readings at intervals of 5 min. were the same. 

Calculations and results 

The volume of methane evolved in each experiment was corrected to 0° 
and 700 mm. From this the average corrected blank for the particular series 
was subtracted. The percentage hydroxyl in the compound could then be 
calculated from the formula: 


0/ OUT - 17 x100* y 

/o vn - 22380 x W ’ 

where 17 is the molecular weight in g. of the hydroxyl group, V the corrected 
volume in cc., and W the weight in g. of substance taken. The results are shown 
in Tables I, II, III and IV. 


Table I. A myl ether reagent . 


Blanks (at N.T.r.) 014 cc., 0*11 cc., 0*13 cc., 0*11 cc., 0*10 cc. Mean 0*12 cc. 


Substance 
Octadecyl alcohol 
Oetadooyl alcohol 
Octadecyl alcohol 
Octadecyl alcohol 
Batyl alcohol 
Batyl alcohol 
Cholesterol 


Weight 

cc. CH 
at 

£• 

N.T.P. 

0*0113 

1*04 

0*0102 

0*94 

0*0102 

0*96 

0*0100 

0*98 

0*0123 

1*75 

0*0122 

1*78 

0*0098 

067 


cc. CH 4 
corrected 
for blank Found 

0*92 6*18 

0*82 6*10 

0*84 6*25 

0*86 6*53 

1*63 10*06 

1*67 10*39 

0*55 4*27 


% Error 
-1*7 
-3*0 
-0*7 
6*29 +3*8 

10*88 - 7*5 

10*88 -4*5 

4*40 - 2*9 


% OH 

- -- ^ 

Theoretical 

6*29 
6*29 
6*29 


Table II. Amyl ether reagent . 


Blanks (at N.T.r.) 0*09 cc., 0*08 cc., 0*05 cc., 0*07 cc., 0*09 cc. Mean 0*08 cc. 


Substance 

Weight 

g* 

cc. CH< 
at 

N.T.r. 

cc. CH* 
corrected 
for blank 

O' 

/o 

( 

Found 

OH 

A 

Theoretical 

°o Ern 

Octadecyl alcohol 

0*0110 

0*97 

0*89 

6*14 

6*29 

-2*4 

Octadecyl alcohol 

0*0101 

0*91 

0*83 

6*24 

6*29 

-0*8 

Hexadecyl alcohol 

0*0108 

1*06 

0*98 

6*89 

7*08 

-2*7 

Hexadeeyl alcohol 

0*0102 

1*03 

0*95 

7*08 

7*08 

0*0 

Hexadecyl alcohol 

0*0116 

1*20 

1*12 

7*34 

7*08 

+ 3*6 

Cholesterol 

0*0110 

0*68 

0*60 

4*15 

4*40 

-5*7 

Cholesterol 

0*0107 

0*73 

0*66 

4*69 

4*40 

4-6*6 
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Table III. Anisole reagent. 


Blanks (at n.t.p.) 0*09 oc., 0*07 cc., 0*04 oc., 0*04 cc., 0*07 cc., 0*04 co. Mean 0*06 oc. 


Substance 

Weight 

g* 

cc. CH 4 
at 

N.T.P. 

cc. CH 4 
corrected 
for blank 

Found 

% OH 

Theoretical 

% Err 

Cholesterol 

0*0105 

0*64 

0*58 

4*19 

4*40 

-4*8 

Cholesterol 

0*0109 

0*67 

0*61 

4*25 

4*40 

-3*4 

Dilauryl alcohol 

0*0106 

0*72 

0*66 

4*73 

5*00 

-5*4 

Dilauryl alcohol 

0*0099 

0*77 

0*71 

5*44 

5*00 

+ 8*8 

Octadecyl aloohol 

0*0092 

0*78 

0*72 

5*94 

6*29 

-5*5 


Table IV. Amyl ether reagent. Substance dissolved in 1 cc. pyridine. 


Blanks (at n.t.p.) 0*40 cc., 017 co., 0*38 cc., 0*25 cc., 0.27 cc., 
0*09 cc., 0*22 cc., 0*26 cc. Mean 0*26 cc. 


Substance 

Weight 

g* 

cc. CH 4 
at 

N.T.P. 

cc. CII 4 
corrected 
for blank 

% OH 

r - A -^ 

Found Theoretical 

% Error 

Cholesterol 

0*0111 

1*00 

0*74 

5*06 

4*40 

+15*0 

Cholesterol 

00082 

0*81 

0*55 

5*09 

4*40 

+ 15*7 

Cholesterol 

0*0076 

0*75 

0*49 

4*89 

4*40 

■+-11*1 

Cholesterol 

0*0096 

0*69 

0*42 

3*32 

4*40 

~ 24*5 

Hexadecyl alcohol 

0*0082 

0-89 

0*63 

5*83 

7*03 

- 17*1 

Hexadecyl alcohol 

0*0110 

1*16 

0*90 

6-21 

7*03 

- 11-7 

Hexadecyl alcohol 

0*0092 

0*99 

0*73 

6*02 

7*03 

-14*4 

Quinol 

0*0128 

4*39 

4*13 

24*49 

30*91 

-20*7 

Quinol 

0 0026 

1 16 

090 

26*27 

30*91 

-15*0 


Summary. 

1. A micro-method for estimating the percentage of hydroxyl in the 
higher fatty alcohols, based on the macro-method of Hibbert and Sudborougb 
[1904] is described. 

2. Results accurate to ± 8 % are obtained when the alcohol is readily 
soluble in the ether of the Grignard reagent used. 

3. The use of pyridine to dissolve alcohols which are not soluble in the 
ether of the reagent is not recommended, the results being very unreliable 
owing to a variable blank. 


The authors wish to express their thanks to Prof. J. C. Drummond for his 
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ANTIRRHINUM MAJUS. 
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From her study of the Mendelian factors for flower colour in Antirrhinum 
magus , Wheldale [1907, 1914] showed that, on crossing white with yellow or 
ivory varieties, plants bearing red or magenta flowers are produced. This led 
her to suggest that the red and magenta anthocyanin pigments might be 
derived from the yellow and ivory flavones, and that the white varieties, from 
which these pigments are absent, might carry the factors which act on the 
flavones to form anthocyanin. 

With a view to testing this hypothesis, Wheldale [1913] commenced an 
investigation of the chemistry of these four pigments. With Bassett [1913, 
1914,1] she isolated the yellow and ivory flavone pigments and identified them 
as glucosides of luteolin and apigenin. The yellow flowers contained glucosidcs 
of both these pigments, while apigenin alone was present in the ivory variety. 
From the red and magenta flow r ers they isolated two amorphous pigments of 
high molecular weight and uncertain constitution, which were apparently un¬ 
combined with any acid [Wheldale and Bassett, 1914, 2]. 

At this time Willstatter and Everest [1913] published an account of the 
isolation of the blue anthocyanin from Centaurea cyanus (cornflower). In this 
classical paper, they revealed the constitution and true nature of the antho- 
cyanins, showing that they could be isolated by means of their stable crystal¬ 
line oxonium salts. Unfortunately, this communication, which revolutionised 
the methods employed in the extraction and isolation of these pigments, was 
published too late to be of any use to Wheldale and Bassett, and the question 
of the relationship between these co-existing flavones and anthocyanins 
remained unanswered. 

More recent research has still left the question open [Onslow, 1925] as to 
whether anthocyanins are derived directly from flavones or not: it is possible 
for instance that they are formed independently from the same parent sub¬ 
stances. 

With a view to throwing more light upon the interrelationships between 
flavones and anthocyanins in the same varieties, a further attempt has been 
made to isolate and identify the red and magenta pigments of Antirrhinum 
magus. The pure crystalline chloride of the magenta pigment antirrhinin 
has been isolated by a process based on the methods of Willstatter and his 
co-workers. The preparation of the red pigment is to be attempted next. 

If there were any evidence for the direct origin of anthocyanins from 
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flavones in the plant, the genetical relationships would point to apigenin as the 
parent substance of this magenta pigment. On crossing an ivory variety with 
a white of certain origin, a magenta offspring is produced. In this case the 
flavone apigenin is the only pigment present in either parent, and only this 
flavone and magenta anthocyanin are to be found in the offspring. If Whel- 
dale’s original hypothesis had been correct, some simple relationship should 
be apparent between the structures of these two pigments. Wheldale had 
originally suggested that the reaction occurring on the formation of antho- 
cyanins would be one of oxidation. After the elucidation of the constitution of 
the anthocyanins, and the production by reduction, in vitro, of the antho- 
cyanidin cyanidin from the flavone quercetin [Willstatter and Mallison, 1914], 
Everest [1918] supported the view that the process in vivo was one of reduction. 
If this second theory is correct, the magenta anthocyanin should prove to be 
apigeninidin, a pigment which has not yet been found to occur naturally. 


HO 


0 

/s rC 


H 


OH 


HOf 


01 

o 


^ || Apigenin 


HO 


-< > 0H 


Apigeninidin chloride 


The analysis of antirrhinin chloride, however, has shown it to be a 3-rham- 
noglucoside of cyanidin chloride, which is closely related, structurally, to the 
flavonol quercetin and not to apigenin. 
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Since cyanidin contains one more molecule of oxygen than apigenin, the 
connection between these two pigments cannot be one of reduction, nor can 
one explain their relationship by any simple oxidative process. Wheldale and 
Bassett did not identify the sugar residues attached to the flavones of Antir¬ 
rhinum, so that it is not yet known whether there is any correlation between 
* the carbohydrate portions of these co-existing pigments. 

The determination of the identity of antirrhinin therefore throws no further 
light upon the nature of a relationship, either of oxidation or reduction, be¬ 
tween flavones and anthocyanins, which has been indicated by the study of 
the Mendelian factors. 

In only four other cases have the constitutions of the co-existing flavones 
and anthocyanins been determined. 

The, red rose contains cyanin [Willstatter and Nolan, 1914], together with 
the corresponding flavone quercetin [Karrer and Schwarz, 1928], while the 
author (unpublished work) has recently identified a similar anthocyanin in 
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brown Cheiranthus cheiri (wallflower), from which quercetin and its mono¬ 
methyl ether, isorhamnetin, have already been isolated [Perkin and Hummel, 
1896]. Thus in these two flowers the constitution of the pigments favours the 
theory of their interconversion in vivo. 

The significance of the results in the case of Viola tricolor is at present not 
very clear, since Everest [1919] claims that myricetin is present in this flower 
together with the quercetin and delphinidin identified by Mandelin, and later 
by Perkin [1902] and by Willstatter and Weil [1916]. His claim, however, 
is not based on analytical results. 

The flavone kaempferol [Perkin and Wilkinson, 1902] and the anthocyanin 
delphinin [Willstatter and Mieg, 1914] have been isolated from Delphinium 
consolida: thus here, as in Antirrhinum , no close relationship is apparent. 

The information derived from the study of the constitution of these 
flavones and anthocyanins is therefore conflicting. There is no conclusive 
evidence that the plant produces the latter from the former, or that they are 
both formed by separate but parallel syntheses from the same parent substance. 

The flowers used for this investigation were those of the deep crimson 
varieties, Purple King (Carter), Purple Queen (Ryder), and Giant Crimson and 
Dwarf Crimson (Sutton). They all presumably contained the magenta antho¬ 
cyanin together with luteolin and apigenin. The plants, which were grown on a 
plot of land kindly lent to me by Miss E. R. Sanders of Newnham College, were 
planted and tended by the staff of the Cambridge Botanic Gardens. 

The isolation of the pigment was carried out by a modification of Willstatter 
and Zollinger’s [1916] method for the preparation of keracyanin chloride from 
the cherry. Dilute methyl alcoholic hydrochloric acid was used for the first 
extraction, since glacial acetic acid extracts contained large amounts of 
flavone which formed a gel, and made filtration very difficult. Owing to the 
flavone present even in the alcoholic extracts, great difficulty was experienced 
at first in obtaining the chloride of the pigment in a pure enough state 
for crystallisation, but this was at length achieved. 

Purification of the pigment by means of the crystalline pi crate was not 
possible in this case, owing to the extreme solubility of this salt. Use was there¬ 
fore made of the insoluble lead salt. This was precipitated from the crude 
alcoholic extracts, and then dissolved in glacial acetic acid, in which the lead 
salts of flavones and other contaminating substances are not soluble. 

The yield of pure pigment was small in proportion to the large amount of 
material used, but, as flowers were not lacking, it was found to be more 
economical in labour and reagents to start with large quantities, and subse¬ 
quently to discard mother-liquors which still retained appreciable amounts of 
pigment. 

The pure chloride of antirrhinin was finally isolated in four hydrated 
forms. These differed in colour and water of crystallisation, and each of them 
possessed a characteristic crystalline form. 

The chloride of the sugar-free pigment was identified as cyanidin 

48—2 
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chloride by means of its appearance, general properties and reactions, com¬ 
bustion analyses and products of alkali fission. In all these respects, perfect 
agreement was found with the account of this pigment given by Willst&tter 
and Everest [1913]. 

It has also been possible to compare the pigment from Antirrhinum with 
a sample of pure synthetic cyanidin chloride which was very kindly sent to me 
by Prof. E. Eobinson. They showed a close resemblance both in their absorption 
spectra and behaviour in a range of buffered solutions. This latter method, 
which has been introduced by Eobertson and Eobinson [1929], is an excellent 
and reliable means of comparing and characterising anthocyanins and antho- 
cyanidins. 

The identification of the sugar residue as a combination of a molecule each 
of rhamnose and glucose was determined by means of the distribution number, 
and qualitative and quantitative analyses of the sugars produced on hydrolysis. 

The position of the sugar residue at position 3 in the antirrhinin molecule 
is indicated by the violet colour reaction given with sodium carbonate. If the 
substitution were at 5 or 7, the colour reaction would be either pure blue or 
violet blue, according to whether the hydroxyls at 7, 3, 3' and 4', or at 5, 3, 
3' and 4', were unsubstituted. This decision is strengthened by the fact that, 
after hydrolysis of the glucoside, one obtains a pure blue reaction with the re¬ 
sulting cyanidin chloride from which the rhamno-glucosidal residue at position 
3 has been* removed. The validity of these colour reactions as a test for the 
position of the sugar residue has been studied by Eobinson and his co-workers 
during their extensive syntheses, first of pyrylium compounds [Pratt and 
Eobinson, 1925], and later of substituted anthocyanidins, and even of antho¬ 
cyanins themselves [Eobertson and Eobinson, 1927, 1928]. 

Keracyanin, the pigment of the fruit of the cherry, not only has a similar 
constitution to that of antirrhinin, but appears from its reactions to be 
identical. Keracyanin chloride was isolated by Willstatter and Zollinger 
[1916] who describe two hydrates which resemble the red and brown hydrates 
of antirrhinin chloride. 

The pigment isolated by Karrer and Widmer [1927] from the fruit of 
Sambucus niger (elderberry), and named by them sambucin, is also a 
rhamnoglucoside of cyanidin, probably together with traces of some other 
pigment. Many of the reactions of sambucin chloride resemble those of antir¬ 
rhinin chloride, but no mention is made of the existence of different hydrated 
forms, and the crystalline picrate, which they isolated without any difficulty, 
must have been much less soluble than that of antirrhinin. 

Antirrhinin chloride may be represented by the following formula: 


Cl 
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Experimental. 

The extraction and purification of the pigment . 

The pigment was extracted with 2 % methyl alcoholic hydrochloric acid 
(8 litres) from about 10 kg. of fresh crimson flowers, from each of which both 
calyx and pistil had been removed. After standing for 2 days, the first extract 
was separated off, and the residue squeezed and re-extracted with a further 
7 litres of acid-alcohol. Even after these two extractions some pigment was 
still retained. 

A saturated aqueous solution of lead acetate was slowly added to the 
filtered extract until there was an excess. Lead chloride precipitated first; the 
solution then turned from red to purple, green, and then dark blue; finally the 
pigment was precipitated, together with the flavones, as a dark blue lead salt. 

The mixture was allowed to stand for 2 days, by which time most of the 
pigment had been precipitated. After decantation of the red-brown mother- 
liquor, the precipitate was filtered, washed with a small amount of methyl 
alcohol, and sucked as dry as possible. A certain amount of pigment remained 
in the mother-liquor. Addition of ethyl alcohol precipitated some of this, and 
more came down on standing, but it was not possible to recover it all. 

The moist, dark blue precipitate from two litres of alcoholic extract was 
extracted with successive amounts of glacial acetic acid, about 300 cc. being 
used in all. The extraction was incomplete, even on frequent rubbing and 
stirring. This was probably due to the retention of the pigment by the lead 
chloride. After standing for some hours, the dark-red acetic acid extract was 
again filtered from further impurities which had settled out. 

On the addition of two volumes of purified ether, the lead salt was pre¬ 
cipitated in dark blue granules, which were filtered off, washed with ether, 
dried and ground. The filtrate, which was green in colour, retained much of the 
impurity. 

The rest of the original lead precipitate was purified in the same manner, 
about 100 g. of nearly pure lead salt being obtained in all. In some cases the 
ether precipitated the salt as a gummy mass, which absorbed water from the 
air. It was partially dried by rubbing with absolute alcohol and filtering. This 
deliquescence was probably due to the impurities present. It was noted, 
later on, that precipitation of the impure chloride of the pigment with 
ether generally gave a dry powdery residue, which quickly became sticky, but 
as purification proceeded, the pigment obtained was much less deliquescent. 

lLOg. of the finely ground lead salt Were dissolved in a minimum of 
5-10 % hydrochloric acid in methyl alcohol, and the lead chloride was filtered 
off. (If left to stand, a gel was formed due to flavone impurity.) One-third the 
volume of propyl alcohol was next added and the solution left overnight; the 
impurities which came down were filtered off, and, on addition of purified 
ether, th£ pigment was recovered as a flocculent, scarlet precipitate. The purity 
of the bright red, gummy mass, obtained on filtering, was tested by hydrolysing 
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a small amount. The sugar-free pigment which separated was mostly am¬ 
orphous, but a few crystals were found on examination under the microscope. 

The glucoside was next dissolved in a few cc. of warm methyl alcohol, made 
20 % acid with hydrochloric acid and left to stand overnight. The chloride 
of the pigment was precipitated as a dark brown amorphous, or micro¬ 
scopically crystalline, substance, and a sample now gave, on hydrolysis, homo¬ 
geneous needle crystals of the non-glucosidal pigment. 

The glucoside was filtered, washed quickly with 20 % methyl alcoholic acid 
and dried by suction. The yield was 1-9 g. 

The mother-liquor still retained much of the pigment. Part of this was later 
isolated, but great difficulty was experienced, as the impurities still present 
kept the pigment from precipitating. 

The glucoside was recrystallised twice by solution in warm methyl alcohol, 
and addition of one-fifth the volume of concentrated acid. On standing over¬ 
night, the precipitation of the pigment as golden brown crystals with a bronze 
reflex was almost complete. 

1*4 g. of pure antirrhinin chloride were thus obtained, and this method of 
purification was repeated on the rest of the crude pigment. 


The glucosidal 'pigment, antirrhinin chloride C 37 H 31 0 16 CI. 
Antirrhinin chloride can be prepared in at least four different hydrated 
forms. The appearance, composition, method of preparation and charac¬ 
teristics are given in the accompan} r ing table: 


Hydrate 
Yellow hydrate 

c»h»o 15 cC i iHa o 


Fan hydrate 
<V* 81 O u Cl, 2$H 8 0 


Med hydrate 
C 27 H w 0 15 C1, 3£H a O 


Brown hydrate 
CjflHgjOisCl, 4*^0 


Appearance 
Orange-yellow ppt. of 
fine, pale yellow, ill- 
defined needles. (See 
Fig. 1). 

Yellow powder when 
dry, turning brick-red 
after several weeks 


Dark purple-brown ppt. 
of feathery clusters of 
crystals resembling 
Japanese fans. (See 
Fig. 2) 

Scarlet flocculent ppt. 
of fine needles. Brick 
coloured powder when 
dry. (See Fig. 3) 


Brown crystalline ppt. 
with bronze reflex, 
composed of pale grey * 
brown leaflets in clus¬ 
ters. (See Fig. 4) 
Marks paper with a 
purple streak 


Properties 

V. insol. in cold water 
In hot water dissolves 
and isomerises instan¬ 
taneously 

Barely soluble in cold 
or hot HC1 solution 
(except in 3 %) 

Fairly soluble in cold 
alcohol, more soluble 
hot 

Insol. in neutral amyl 
alcohol, but more 
soluble when acidified 
Soluble in cold and hot 
water, alcohol and 
aqueous hydrochloric 
acid 


S. soluble in cold water. 
More soluble on heat¬ 
ing 

Soluble in alcohol and 
in aqueous hydro¬ 
chloric acid 

V. soluble in cold water 
and aioohol 

V. soluble in dil. HC1, 
but decreasingly sol. 
in higher cones. 

More soluble on heating 


Method of 
preparation 
Precipitated from warm 
methyl alcohol solu¬ 
tions on standing. Pre¬ 
cipitation not com¬ 
plete 


Precipitated from 
strong (20 %) aqueous 
HC1; never from acid- 
alcohol. Often con¬ 
taminated by the 
brown hydrate 
Precipitated from 
aqueous 5 % HC1. 
A mixture of the red 
and brown hydrates 
separates from 10 % 
acid 

Precipitated from 10 % 
acid methyl alcoholic 
solutions on cooling 
and standing 
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Fig. 3. The red hydrate. Fig. 4. The brown hydrate. 


The following are the chief reactions of antirrhinin chloride: 

Ferric chloride. Fairly stable, good blue in alcohol. Violet, and less stable, in water. 

Sodium acetate. Violet colour. 

Potassium acetate. Plum-coloured solution. 

Sodium carbonate . Blue-violet to red-violet. 

Sodium hydroxide. Sapphire blue to green-blue. 

Lead acetate. Blue precipitate. 

Perchloric acid . Dissolves on warming. On standing, pale red-brown crystals of perchlorate 
separate in sheaves. 

Picric acid , Very soluble, no crystalline picrate separates. 

7 % sulphuric acid. Soluble on heating. On standing, clusters of fine orange needles separate. 
Feming’8 solution. Reduced. 

The violet reaction with sodium carbonate indicates that the sugar- 
residue is attached to the molecule at position 3. 

A solution of the colourless 'pseudo -base is easily produced on adding the 
pigment to a large volume of hot water, and heating. If acid is added to this 
solution, it reddens again, even in the cold. The purple colour base is 
partially precipitated when a concentrated water solution of the glucoside is 
heated. 

A Zeisel estimation showed the complete absence of methoxyl groups. 
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The colour reactions and stability of antirrhinin chloride in a series of 
buffered solutions were determined by Robertson and Robinson’s method. 

The 17 buffer solutions, starting from p H 3*2 and each increasing by 0*6 p w 
were prepared by the addition of suitable amounts of 0*2 N sodium hydroxide 
(C0 2 -free) to 50cc. of “Universal Buffer Solution” supplied by the British 
Drug Houses. The p n values up to 11*0 were calculated by means of the formula 
supplied. Equal amounts (10 cc.) of each buffer were placed in a series of 
boiling-tubes, 1 cc. of an alcoholic solution of the pigment (25-0 mg. in 100 cc. 
98 % alcohol) was added to each tube from a burette, and the tubes well 
shaken and examined, both at the moment of mixing, and at intervals during 
the next 48 hours. The results are given in the following table: 



Ph 

Colour reaction and stability 

10 % HCi 


Salmon red 

1 % HCI 


Pink 

I 

3*2 

Pink, fades quickly, but still pale pink after 3 days 

II 

3*8 

Pink, fades less quickly 

III 

4*4 

Pink, fades slowly 

IV and V 

5*0 and 5*6 

Mauve pink, fades more slowly 

VI 

6*2 

Mauve pink, more stable 

VII 

6*8 

Brownish pink, fades slightly 

VIII and IX 

7*4 and 8*0 

Brownish cherry, fades slightly 

Brownish cherry, very stable even after 16 hours 

X to XII 

8*6 to 9*8 

XHI and XIV 

10*0 and 11*0 

Bordeaux red, very stable even after 16 hours 

XV 


Cherry with blue tinge 

XVI 


Permanganate colour, slowly destroyed, pale 
brownish pink in 16| hours 

xvn 


Deep violet, fades slowly 

10 % NaOH 
solution 


Pure blue, very unstable 


The following figures were obtained for the loss in weight of the four 
hydrates, on removal of their water of crystallisation, by drying in vacuo over 
phosphorus pentoxide at 100° and 105°. 


The ‘ yellow ’ hydrate 

I. 77*8 mg. ‘ yeUow ’ hydrate lost 1-8 mg. on drying at 100° 1*93 % 

72*5 mg. 4 yellow’ hydrate (dried at 100°) lost 1*7 mg. on drying at 105° 2*35 % 

Total loss in weight on drying at 105° 4-28 % 

II. 179*1 mg. yellow hydrate lost 8*1 mg. on drying at 105° 4*52 % 

Calculated for C w H 31 O m C 1, lJH^O 4*12 % 

The ‘ fan * hydrate 

271*4 mg. ‘fan’ hydrate lost 17*7 mg. on drying at 105° 6*52 % 

4*837 mg. ‘fan* hydrate lost 0*320 mg. on drying at 105° 6*5 % 

Calculated for C 27 H 31 O i6 Cl, 2£HgO 6*52 % 


The * red ’ hydrate 

53*4 mg. ‘red* hydrate lost 4*8 mg. on drying at 105° 9*0 % 

34*0 mg. ‘red’ hydrate lost 3*0 mg. on drying at 105° 8*8 % 

Calculated for C OT H ai 0 18 Cl, 3^0 9*0 % 


The ‘broom’ hydrate 

0*0790 g. ‘brown’ hydrate lost 0*0074 g. on drying 
Calculated for C^H^O^Cl, 4H*0 


9*36 % 
10*2 % 


Micro-analyses of the substances after drying for carbon, hydrogen and 
chlorine gave the following figures: 

4*821 mg. ‘yellow’ hydrate gave 8*960 mg. CO a and 2*18 mg. HjQ 
5*20 mg. ‘yellow’ hydrate gave 1*09 mg. AgCi 
4*617 mg. ‘fan’ hydrate gave 8*250 mg. CO g and 2*03 mg. ILO 
6*963 bag. ‘fan* hydrate gave 1*623 mg. .* 
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The percentage compositions are therefore: 



C 

H 

Cl 

‘Yellow’ hydrate. 

50*6 

5*04 

5 13 

‘Fan’ hydrate . 

49*8 

4*99 

5*76 

Calculated for C^H^O^C! (cyanidin 

51*39 

4*92 

5*62 


rhamnoglucoside) 


The combustion analyses for the C and H content of antirrhinin chloride 
and the sugar-free pigment were carried out by Dr Ing. A. Schoeller of Berlin- 
Schmargendorf, and those for chlorine by A. Colwell of this laboratory. 

The sugar-free pigment, cyanidin chloride, C ]5 H n 0 b Cl , Hfi. 

The sugar-free pigment was obtained by hydrolysis of antirrhinin chloride 
with boiling 20 % hydrochloric acid for 4 minutes. After 2 minutes pale red- 
brown crystals began to separate in long needles (see Fig. 5). On cooling, 
filtering, washing with a little 20 % acid, and drying, a reddish chocolate-brown 
powder was obtained. 

If dissolved in methyl alcohol, an equal volume of 10 % aqueous hydro¬ 
chloric acid added, and left to evaporate, the pigment precipitates almost 



Fig. 5. Cyanidm chloride from Antirrhinum. 

quantitatively in well-formed crystals. These are not long and tapering as 
before, but are more sturdy and collect in stars and clusters. 

When the pigment is dissolved in methyl alcohol, acid added and the 
alcohol boiled off, the salt reprecipitates in a curious symmetrical S-shaped 
form with curled offshoots. 

The sugar-free pigment is slightly soluble in cold water, giving a mauve-red 
solution, which on heating turns purple, and then isomerises. It is difficultly 
soluble in aqueous hydrochloric acid of all strengths: on heating, it has a 
maximum solubility in 0*3 % acid, and in the cold in 0*03 % acid, a colour 
base being precipitated if this solution is heated. A hot saturated solution in 
5*0 % acid does not contain much pigment, but on cooling even this is pre¬ 
cipitated in fine needles. 

The pigment is very soluble in methyl and ethyl alcohol, giving beautiful 
red-violet solutions which turn an intense cerise colour on acidification. 
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If water and not acid be added, a precipitate of the purple colour-base is 
immediately formed, and a green sheen appears on the sides of the tube. This 
behaviour is typical of cyanidin chloride. 

Solutions in amyl alcohol are violet, and isomerise on standing. On acidifi¬ 
cation with an equal quantity of dilute acid, the alcohol layer turns crimson. 
On addition of alkali, the pigment passes into the water layer and turns blue. 
An acetone solution is violet. 

Ethyl acetate dissolves the pigment to a small extent, giving a crimson 
solution on acidification, and a clear green-blue on addition of sodium 
hydroxide. 

The chief reactions are: 

Ferric chloride . Blue colour In alcohol. Purple on addition of water. Unstable on addition of 

excess of reagent. 

Sodium carbonate. Violet and then pure blue. 

Sodium hydroxide. Clear green-blue, unstable. 

Sodium acetate. Red-purple solution in alcohol, purple in water. 

Potassium acetate. Dichroic red-blue in alcoholic solution. Colour base precipitated on standing. 
Lead acetate. Blue precipitate of the lead salt. 

Perchloric acid. Very soluble. No crystals of perchlorate are formed. 

Picric acid. Soluble on warming. Burr-like clusters of orange-red picrate crystals separate 

on standing. 

7 % sulphuric acid. Slightly soluble on heating. Brown hair-fine needles of sulphate separate on 
standing. 

Fehling's solution. Reduced slowly on heating. 

It did not melt when heated up to 300°. 

Acid amyl alcohol solutions gradually lose their colour on standing in the 
light. In a few days most of the pigment is destroyed. 

A purple colour-base can be prepared by heating strong aqueous solutions 
of the pigment, from which it is quantitatively precipitated as an amorphous 
flocculent precipitate. 

A solution of the colourless pseudo -base is obtained on adding an alcoholic 
solution of the pigment to a large volume of hot water. Addition of acid will 
not reproduce the red oxonium salt in the cold, but will do so on heating— 
a phenomenon peculiar to cyanidin chloride. 

On fusion of the pigment with 50 % potassium hydroxide, small amounts 
of the breakdown products were isolated and found to be phloroglucinol and 
protocatechuic acid. The phloroglucinol was identified by means of its cha¬ 
racteristic orange-red diazobenzene compound, the red colour given with a 
pine shaving and concentrated hydrochloric acid, the brick-red phloroglucide 
of methylfurfuraldehyde precipitated after heating with rhamnose and 20 % 
hydrochloric acid, and the darkening due to oxidation on addition of potassium 
hydroxide. The protocatechuic acid gave a green colour with ferric chloride 
followed by the very characteristic violet changing to violet-red on addition 
of weak sodium carbonate solution. 

The crystalline chloride of the sugar-free pigment was dried at 105° 
in vacuo over phosphorus pentoxide, and eventually lost all its water of crystal¬ 
lisation. The last traces were very difficult to remove, and the whole.amount 
was quickly absorbed again on standing in air. Combustion analyses were 
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therefore carried out on the crystalline and the dried pigment. The materials 
used in the third and fourth analyses were dried and undried samples of the 
same specimen. In the fourth analysis the agreement with the calculated 
values was better than that of the first three: a fact which points to the re¬ 
tention of a small proportion of water of crystallisation by the dried pigment. 

On analysis, the following values were obtained: 


0-1402 g. chloride dried at 105° lost 0*0082 g. =5*58 % 
0*1784 g. chloride dried at 105° lost 0*0092 g. =5*16 % 
C w H u 0 6 C1, H*0 dried at 105° would lose 5*28 % 


I (a). 4*854 mg. chloride dried at 105° gave 9*51 mg. C0 2 and 1*73 mg. H 2 0 

I (ft). 5*904 mg. chloride dried at 105° gave 2*596 mg. AgCl 

II. 4*009 mg. chloride dried at 105° gave 1*750 mg. AgCl 

III. 4*082 mg. chloride dried at 105° gave 9*36 mg. CO« and 1*64 mg. H a O 

IV. 4*600 mg. chloride (air-dried) gave 8*995 mg. C0 2 and 1*70 mg. H 2 0 


The percentage compositions are therefore: 


By experiment. Sample I 
Sample II 
Sample III 
Sample IV (air-dried) 
Calculated for C 15 H u O e Cl 
Calculated for C u H n O a Cl, H 8 0 


c 

II 

Cl 

54*38 

3*72 

10*87 

— 

— 

10*83 

54*55 

3*90 

— 

52*57 

4*05 

— 

55*81 

3*42 

11*00 

52*94 

3*82 

— 



Fig. 6. 


, The sugar-free pigment was further identified as cyanidin chloride by 
means of its colour reactions, power of isomerisation and stability in the series 
of buffers. On comparing the pigment side by side with a sample of pure 
cyanidin chloride, the behaviour of these two pigments over the whole range 
was almost identical. Above p R 8*6 the colour given by cyanidin chloride was 
slightly more violet, but this was only noticeable on very careful comparison. 
The reactions were similar to those described for cyanidin chloride by Robert¬ 
son and Robinson. 
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The absorption spectrum of the chloride of the sugar-free Antirrhinum 
pigment was also compared with that of a synthetic sample of cyanidin 
chloride. From the readings taken with a spectrophotometer, the log. absorp¬ 
tion curves were plotted over the visible spectrum (see Fig. 6), and were found 
to be very similar. The maximum absorption of the dark band in the green 
region is, in each case, at a wave-length of 550/4/x,. Another band in the violet 
is also indicated. Acid (HC1) alcoholic solutions were used of such a strength 
that the maximum value found for the log. absorption lay between 1*75 and 
2*0. Since the concentration of the synthetic cyanidin chloride solution was 
less than that of the Antirrhinum pigment, the curves, though parallel, were 
not identical. 


The sugar residue . 

The identification of the glucosidal residue of antirrhinin was carried out 
by means of the “‘distribution number/' and by qualitative tests and quanti¬ 
tative estimations of the free reducing sugars and cyanidin chloride liberated 
on hydrolysis. 

The “distribution number" for antirrhinin chloride was found by dis¬ 
solving 0*005 g. of pigment in 25 cc. 5 % hydrochloric acid and shaking -with 
two successive amounts of 25 cc. pyridine-free amyl alcohol. The amount of 
pigment extracted in each case was measured colorimetrically, by comparison 
with a standard made from 0*005 g. of pigment, dissolved in 1 cc. methyl 
alcohol, and made up to 25 cc. with amyl alcohol, a trace of acid being added 
to prevent isomerisation. 

The mean value for the two extractions was 8*07, which compared well with 
the values for other rhamnoglucosides, which all lie between 6*5 and 10. 

Qualitative sugar tests were carried out on the hydrolysis mixture, after 
filtering off the crystalline sugar-free pigment and removing any remaining 
traces of colour by extraction with amyl alcohol. A distinct smell of methyl- 
furfuraldehyde could be detected during the hydrolysis. This is typical of 
rhamnoglu cosides. 

A portion of the filtrate was tested for pentose by the orcinol test. The 
Solution turned pink (as for rhamnose) on boiling with orcinol and hydro¬ 
chloric acid, and, on adding a drop of ferric chloride gave a green which was 
extracted by amyl alcohol. No blue precipitate (as for ordinary pentose) was 
obtained on boiling. The green colour was similar to that found with rhamnose, 
h and was not of the vivid blue-green obtained with arabinose. 

On hydrolysing for some time with strong hydrochloric acid, the distillate 
gave no pink with aniline acetate paper (therefore not normal pentose), but, 
on adding phloroglucinol, gave the characteristic yellow colour, and, on 
standing, a brick-red precipitate of the phloroglucide of metbylfurfuraldehyde. 

After neutralising the original filtrate with lead carbonate, filtering, and 
removing excess lead with hydrogen sulphide, the mixed osazone was prepared 
and compared with that irom a mixture oi pure rhamnose and glucose* 
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Quantitative estimations of the percentage of cyanidin chloride and re¬ 
ducing sugars obtained on hydrolysis of antirrhinin chloride were next carried 
out. 

Weighed quantities of antirrhinin chloride (dried at 105°) were dissolved in 
3 to 5 cc. of 1 % hydrochloric acid, and hydrolysed by boiling with 10 to 
20 cc. 20 % acid for 2| to 3 minutes. After standing in the ice-chest until the 
mother-liquor was barely pigmented, the crystalline cyanidin chloride was col¬ 
lected on a weighed Pregl glass filter, washed with a small amount of 20 % 
acid, dried in vacuo at 105° over P 2 0 5 , and weighed. One yield was air-dried, 
an allowance being made, in the calculation of the percentage, for the presence 
of one molecule of water. 

After extraction of the remaining pigment with amyl alcohol, and subse¬ 
quent removal of traces of the latter with pure ether, the filtrate was nearly 
neutralised with a small quantity of sodium hydroxide, and made up to a 
definite volume. The sugars were then estimated both polarimetrically and by 
Bertrand's method, it being assumed that rhamnose and glucose were present 
in equimolecular proportions. The polarimetric values obtained confirmed the 
identification of the hexose as glucose. Accurate polarimetric readings were 
taken by Mr B. Woolf of this laboratory, to whom I am much indebted. 

The rhamnose content was estimated by the phloroglucide method [Ellett 
and Tollens, 1905], an aqueous solution of a weighed quantity of the glueoside 
being treated directly with 12 % aqueous hydrochloric acid. 

I. 31 • 1 mg. antirrhinin chloride gave 16-80 mg. cyanidin chloride 

31*1 mg. „ „ 13*39 mg. rhamnose + glucose (26-52 mg. Cu) 

II. 187-7 mg. „ ,, 104-20 mg. cyanidin chloride (air dried) 

187*7 mg. „ „ 82-30 mg. rhamnose -f glucose (161-7 mg. Cu) 

III. 490*2 mg. „ „ 262-50mg.rhamnose + glucose(50cc.,/— 4dm.,=s -f 0-65°) 

IV. 135*8 mg. „ „ 65*02 mg. rhamnose + glucose(25cc.,Z = 2 dm.,a Hg — +0-10°) 

V. 231*4 mg. „ „ 62*40 mg. rhamnose (33*00 mg. phloroglucide) 

The percentage yields are therefore: 

% cyanidin % combined 
chloride sugars % rhamnose 

By experiment 1 54*00 43*75 — 

II 53-00 43-80 

III — 53*30 — 

IV — 47-80 

V — — 27-00 

Calculated for C^H^AfiCI 51*11 54*57 28*86 

An appreciable amount of sugar was broken down during the hydrolysis of 
the glueoside, the rhamnose being more easily destroyed than the glucose. The 
extent of this breakdown, which is shown in the low values obtained by both 
methods of analysis, is not so apparent in the polarimetric as in the copper 
reduction estimations, since, as the rotation of rhamnose (+ 9*0°) is small 
compared with that of glucose (+ 52*7°), a considerable loss of the pentose 
does not lower the combined rotation to a proportional extent. Willstatter 
found a similar .discrepancy in the values obtained on estimating these sugars 
iiom keracyanin chloride and the fiavone rutin by the same two methods. 
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Summary. 

1. The magenta anthocyanin, antirrhinin , has been isolated from the 
crimson flowers of Antirrhinum majus as a crystalline chloride. 

2. Antirrhinin is shown to be a 3-rhamnoglucoside of cyanidin. It is 
probably identical with keracyanin, the pigment of the fruit of the cherry, but 
differs from sambucin from the elderberry. 

3. The identification of antirrhinin as a cyanidin compound contradicts 
the theory of a simple relationship between this pigment and the ivory flavone 
apigenin, which is indicated by a study of the Mendelian factors for flower 
colour in Antirrhinum . 

I should like to record my gratitude and thanks to the Hon. Mrs Wheldale 
Onslow for suggesting this piece of research, and for her help and advice; 
also to Sir F. G. Hopkins and Prof. R. Robinson for their interest in the 
work. 

I also desire to thank the Department of Scientific and Industrial Research 
for a grant which has enabled me to complete these investigations. 
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LXXXVI. NATURAL ANTHOCYANIN PIGMENTS. 


II. THE MAGENTA FLOWER PIGMENT OF 
PRIMULA POLYANTHUS. 
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Introduction. 

In 1927 Karrer and Widmer [1927, 3] isolated and identified the anthocyanin 
pigments from three species of alpine Primula . They found that the flowers of 
P. viscosa and P. integrifolia both contained a pigment identical with malvin, 
a digiucoside of delphinidin-3': 5'-dimethyl ether, while from the flowers of 
P. hirsuta they isolated a digiucoside of a new O-trimethyldelphinidin, which 
they named hirsutidin. The pigment extracted from P. integrifolia was also 
shown to contain traces of some anthocyanin less highly methylated than 
malvin*—a contamination to which these authors [1927, 1] had already drawn 
attention in the cases of other malvidin glucosides, such as oenin from grapes 
and myrtillin from bilberries, 

Primulin , the anthocyanin pigment found in magenta and dark red flowers 
of P. polyanthus, is an interesting addition to this series. Like oenin, it consists 
chiefly of a 3-monoglucoside of malvidin, contaminated by traces of a lower 
methylated compound. Thus, although primulin furnishes the same aglucone 
as that found in two of Karrer’s pigments, it differs from them in the nature 
and position of its glucosidal residue. 

P. polyanthus is a horticultural hybrid probably derived from the cowslip 
and the common primrose. It is to be found in a large range of colours in¬ 
cluding various shades of yellow, magenta, crimson, orange and brick-red. Only 
magenta and crimson flowers were used for this investigation, as it is possible 
that a second anthocyanin is present in the orange and flame-coloured flowers. 

The method of extraction and isolation was adapted from Anderson’s [1923] 
modification of Willstatter and Zollinger’s [1914] picrate method for the pre¬ 
paration of oenin chloride from purple grapes, in which 1 % aqueous hydro¬ 
chloric acid instead of glacial acetic acid is used for the extraction of the pig¬ 
ment from the fresh flowers. Owing to the difficulty experienced in obtaining 
large quantities of material, only about 1 g. each of the pure crystalline hydro¬ 
chlorides of the glucosidal and sugar-free pigments could be prepared. 

The determination of the constitution of these pigments is based upon their 
appearance, reactions, solubilities, combustion analyses and absorption spectra, 
and upon the products obtained from the alkali fission and perhydrol oxidation 
of primulidin chloride. 

The conclusion that primulin is not composed entirely of a monoglucoside 
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of m&lvidin is based firstly upon the low values obtained on estimating the 
methoxy-content of primulidin chloride, and secondly upon the transitory 
purple colour obtained with its alcoholic solutions on addition of ferric chloride. 
This colour, which is also given by oenidin chloride, must be due to the presence 
of small amounts of delphinidin, or some methylated delphinidin which does 
not contain the syringic acid nucleus, or of cyanidin, since it is only obtained 
with pyrylium salts possessing free hydroxyl groups at positions 3' and 4'. 

Since oenin, the pigment of purple grapes, also consists of a monoglucoside 
of malvidin, together with traces of a less methylated compound, a comparison 
has been made between the reactions of primulin and oenin chlorides, and of 
the chlorides of primulidin, oenidin and pure synthetic malvidin. Oenin 
chloride was prepared from purple grapes by a method similar to that used for 
the isolation of primulin chloride. The specimen of malvidin chloride, together 
with samples of three synthetic methylated malvidin compounds, was very 
kindly sent me by Prof. R. Robinson, to whom I am greatly indebted. 

A comparison between the appearance, solubility and reactions of primulin 
and oenin chlorides shows that they resemble each other in most respects, but 
differ in their “distribution number/’ 

Primulidin chloride resembles pure malvidin chloride in its sodium carbo¬ 
nate reaction and in its sparing solubility in hydrochloric and sulphuric acids. 
In crystalline form, difficulty of recrystallisation and ferric chloride reaction it 
resembles oenidin chloride. The absorption spectra of these three pigments are 
almost identical. 

These anthocyanins and anthocyanidins were further compared by means 
of their colour reactions and stability in a series of buffered solutions [Robert¬ 
son and Robinson, 1929]. Although primulin and oenin chlorides gave an 
almost similar range of colours, above p n 6-8, those of primulin were slightly 
more blue. The chlorides of primulidin and oenidin differed in their behaviour 
slightly but definitely both from each other and from pure malvidin chloride. 
These comparisons further demonstrated the probability that, although both 
consist chiefly of malvidin monoglucoside, primulin and oenin are not identical, 
since they differ in the amount of contaminating pigment present. 

On hydrolysis, primulin chloride yielded one molecule of primulidin 
chloride and one of glucose. 

On addition of sodium carbonate, solutions of the glucosidal pigment gave 
a violet colour, while primulidin chloride gave a pure blue. This indicates that 
the glucose molecule is attached at position 3, thus preventing the production 
of the clear blue which is obtained with the sugar-free pigment which has a free 
hydroxyl group at position 3 as well as at 5, 7 and 4' [Pratt and Robinson, 
1925; Robertson and Robinson, 1927,1928]. This position of the carbohydrate 
residue is further stressed by the fact that the colour given by primulin 
chloride on solution in a buffer of p E 8*6 is identical with that given by the 
methylated malvidin compound synthesised by Bradley and Robinson [1928], 
in which the methyl group is at position 3. 
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Pure malvidin was first obtained as a crystalline chloride by Willstatter 
and Mieg [1914] from the wild mallow, in which it existed as the di- 
glucoside malvin. Evidence that the methoxyl groups were in positions 3' and 
5' was given later by Karrer and Widmer [1927, 1], who isolated syringic acid 
from the products of mild alkali fission, and decided to re-name the pigment 
syringidin. This structure was later confirmed by Bradley and Robinson’s 
synthesis [1928] of a 3:5:7: 4'-tetrahydroxy~3' : 5'-dimethoxyflavylium 
chloride identical with malvidin chloride. 

The constitution of 3-monoglucosidylmalvidin chloride, the chief con¬ 
stituent of primulin chloride, may therefore be represented by the formula 
below. 


ci 



Experimental. 

The extraction and 'purification of primulin chloride . 

After the removal of their yellow centres and colourless corolla tubes, 
600 g. of fresh red flowers of Primula polyanthus were placed in a large Kilner 
jar, 600 cc. aqueous 1 % hydrochloric acid added, the flowers pressed under 
the liquid and the air bubbles dispelled. The jar was loosely covered and left 
to stand for two days. The dark purple extract was then filtered. After grinding 
in a mortar, the residue was left to extract for two more days with a further 
quantity of acid (400 cc.). 



Fig. 1. Primulin picrate. 


The first extract was warmed to 40°, and an equal volume of warm saturated 
picric acid added. The solution was kept at this temperature for a minute, and 
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then allowed to cool to room temperature. A flocculent precipitate of micro¬ 
scopic scarlet-red needles soon began to separate out. (See Fig, 1.) 

After standing in the ice-chest overnight, the picrate was filtered off on a 
small Riichner funnel, washed free from picric acid with ether, and dried 
in a vacuum desiccator. As the red-orange filtrate still contained a con¬ 
siderable amount of pigment, it was saturated with picric acid and used to 
precipitate the anthocyanin from the second crude extract by the same method 
as before. After the separation of this second yield of picrate, an attempt was 
made to recover further quantities of pigment by making the extract 10 % 
acid with hydrochloric acid. More pigment was thereby precipitated, together 
with picric acid, but the bulk still remained in the mother-liquor and could not 
be utilised. 

The two yields of picrate, together weighing 4-5 g., were very finely ground 
in a mortar, dissolved in 150 cc. methyl alcohol containing 7*5 cc. hydro¬ 
chloric acid and filtered. On addition of about a litre of ether, most of the 
pigment was thrown down in dark red-brown granules with a bronze lustre. 
The mother-liquor not only retained the picric acid, but also some of the pig¬ 
ment, but the latter could not be fully precipitated even by the addition of 
light petroleum. 

The chloride was ground finely, and washed with ether, until the 
washings no longer gave a yellow colour on addition of alkali. The yield of 
crude amorphous glucoside was 3*3 g. 

To obtain the pigment in crystalline form, it was dissolved in a minimum 
quantity of an equal mixture of methyl and ethyl alcohol (about 10 cc.) and 
one-third the volume of 10 % aqueous hydrochloric acid added. On standing 
in a loosely covered vessel, purple rod-shaped crystals of primulin chloride 
separated out either singly or in aggregates. These were filtered off, washed 
with a little cold 10 % hydrochloric acid, sucked as dry as possible and air- 
dried at room temperature. They formed a purplish red powder which marked 
paper with a purple streak. 

Part of this yield was recrystallised for analysis, the strongly coloured 
filtrate being used for the preparation of the sugar-free pigment. 

The glucosidal pigment , primulin chloride , C 2S H 2G 0 12 CL 

Primulin chloride is very soluble in cold water, giving a deep red solution. 
On dilution it turns a plum colour, and then isomerises, with no precipitation 
of the colour-base. 

The pigment has a maximum solubility in aqueous hydrochloric acid 
between concentrations of 1-0% and 2:0%, but is less soluble as the con¬ 
centration increases. In all concentrations, the pigment is dissolved to a 
greater extent on heating. 

Primulin is very soluble in methyl alcohol, and nearly as much so in ethyl 
alcohol. Both give intense crimson solutions, which, on dilution with more 
alcohol, at once turn mauve, and are then decolorised through isomerisation. 



PIGMENT OF PRIMULA POLYANTHUS 771 


Primulin is insoluble in ethyl acetate; only slightly soluble in acetone when 
neutral, but more so on acidification. 

The chief reactions of primulin chloride are given below. 

Ferric chloride. Plum colour in alcoholic solution, changing at once to a stable orange-red. 
Sodium carbonate. Violet colour in alcohol. Blue in thin layers, red-violet in thick layers. 
Sodium hydroxide. Clear blue. 

Sodium acetate. Plum-coloured solution in water, and in alcohol. A purple colour-base (in¬ 
soluble in benzene) is sometimes precipitated from strong solutions. 

Lead acetate. Blue-violet precipitate. 

Fekling's solution. Reduced. 

Potassium acetate. Blue precipitate. 

Perchloric acid. Very soluble, no crystals of perchlorate formed. 

Picric acid. Soluble on warming, scarlet-red needles of picrate separate on standing. 

(See Fig. 1.) 

7 % sulphuric axid. Soluble even in the cold, no crystals of sulphate separate. 

On drying in vacuo over phosphorus pentoxide at 105°, primulin chloride 
loses all of its water of crystallisation, but quickly regains half of it on standing 
in air. 

On analysis, the following figures were obtained: 


I. 0-2441 g. primulin chloride lost 0-0375 g. on drying 15-37 % 
II. 0-4850 g. primulin chloride lost 0-0754 g. on drying 15*60 % 
Calculated for C^H^O^d, 5H 2 0 14-55 % 

Calculated for C 28 H 25 0 12 C1, 5|H 2 0 15-85 % 


Primulin chloride therefore appears to possess 5i molecules of water of 
crystallisation. 

I. 4-386 mg. primulin chloride (dried) gave 8-390 mg. CO-and 1-91 mg. H 2 0 
6-189 mg. „ „ „ 1-682 mg. AgCl 

II. 4-784 mg. „ „ „ 9-100 mg. C0 2 and 2-08 mg. H«0 

5-422 mg. „ „ „ 1-480 mg. AgCl 


The percentage compositions are therefore: 


By experiment. Sample I 
Sample II 

Calculated for C 23 H e5 0 12 Cl (oenin chloride) 


c 

H 

Cl 

52-1 

4-82 

6-75 

519 

4-83 

6-75 

52-2 

4-74 

6-74 


The presence of methoxyl groups was demonstrated qualitatively by 
Zeisel’s method. 

The micro-analyses for carbon and hydrogen content of primulin chloride, 
and carbon, hydrogen and methoxyl content of the sugar-free pigment, were 
carried out by Dr Ing. Schoelier. of Berlin-Schmargendorf, and those for 
chlorine by A. Colwell, of this laboratory. 

The colour reactions of primulin and oenin chlorides were compared in a 
range of buffered solutions, and found to be similar. Above p u 6*8 the 
primulin chloride solutions were slightly more blue. The colours ranged from 
cherry-red at p n 3*2, through rapidly fading violet-reds between p n 3*6 and 
5*6, and a fairly stable violet to violet-blue from pu 6*8 to 8*0, to stable violet- 
blues (blue in thin layers) at higher p u . In 10 % sodium hydroxide a very 
unstable blue was obtained. A violet colour-base was precipitated at all p l{ 
values between 3*2 and 6*2. 


49—2 
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Pnmuhdm chloride , the sugar-free pigment , C 17 H 15 0 7 CL 
The crystalline sugar-free pigment, primulidin chloride, was obtained by 
hydrolysis of the glucoside with 20 % hydrochloric acid for 3 or 4 minutes. 
If heated too long, or if alcohol was present (as when the mother liquors 
from the crystallisation of primulin were hydrolysed), the pigment was partly 
amorphous. 

Homogeneous crystals were prepared by dissolving the pure crystalline 
glucoside in hot 20 % hydrochloric acid and heating over a free flame for 
4 minutes. The crystals began to appear after 2 minutes* boiling, and separated 
out almost quantitatively on cooling. Microscopically, they were pale brown 
or straw coloured rods, with blunt ends (see Fig. 2), their size depending upon 
the strength of acid used in the hydrolysis. The crystals were filtered, washed 
with a little cold 20 % hydrochloric acid and dried m air. They formed an 
almost black powder (pure malvidin chloride has a green reflex). The filtrate 
was later examined for the sugar residue. 



Fig. 2. Primulidin chloride. 


Unlike pure malvidin chloride, primulidin chloride resembles oenidin 
chloride in being very difficult to recrystallise. Most attempts only gave 
amorphous forms, but small crystals were finally obtained by dissolving the 
pigment in water, and acidifying carefully until the solution contained 3 % of 
hydrochloric acid. 

Primulidin chloride is slightly soluble in cold water, giving a red-brown 
solution after standing for half an hour. On heating, it is more soluble, but 
soon loses all its colour by isomerisation. The colour-base is precipitated from 
strong solutions. 

The pigment is very soluble in methyl, ethyl and propyl alcohols, giving 
intense crimson solutions which, on dilution, turn purple and then isomerise. 
(Pure malvidin chloride is reprecipitated in small crystals from methyl 
alcoholic solutions.) 

In amyl alcohol the pigment dissolves easily, giving a violet colour if 
neutral and cerise if acid. Like all anthocyanidins, on adding an excess of 
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aqueous alkali, the pigment leaves the alcohol, turns blue, and dissolves in the 
water layer. 

Ethyl acetate dissolves the pigment to a small extent; while acetone does so 
fairly easily, forming a red solution when acid, violet when neutral, and a clear 
blue if made alkaline with sodium bicarbonate. 

Though practically insoluble in either water or concentrated hydrochloric 
acid, the pigment is slightly more soluble in concentrations of acid between 
0*005 % and 1*5 %. Maximum solubility in the cold is found at a concentra¬ 
tion of 0*03 %, while, when hot, 0*3 % acid has the greatest solvent power. 
This pigment therefore resembles malvidin chloride rather than oenidin 
chloride in respect of its solubility in water and aqueous acid. 

The following reactions are given by primulidin chloride. 

Ferric chloride. Purple in alcoholic solution. Very unstable. (Malvidin chloride gives no 

colour reaction.) 

Sodium carbonate. Violet colour and then pure blue. 

Sodium hydroxide. Blue colour, more green than with carbonate. 

Sodium acetate. Red-blue dichroic solution in alcohol, purple in water. 

Potassium acetate. Blue colour, followed by precipitation of a colour base insoluble in benzene. 
Lead acetate. Dark blue precipitate of lead salt. 

Fehling's solution. Vigorously reduced. 

Perchloric acid. Soluble on standing, aggregates of badly formed hair-like crystals of per¬ 
chlorate are formed. 

7 % sulphuric acid. Fairly soluble, especially on heating; almost complete precipitation of fine 
needles on cooling (as for malvidin chloride). 

Picric acid. Soluble on warming, fine red hair-like crystals in clusters separate on cooling. 


The substance did not melt on heating to 300°. 

On drying in a vacuum at 105° over phosphorus pentoxide, the air-dried 
crystals lose all their water of crystallisation. 

The following values were obtained on analysis: 


I. 0*0742 g. primulidin chloride lost 0*0048 g. on drying 6*47 % 

IT. 0*2963 g. primulidin chloride lost 0*0187 g. on drying 6*32 % 
Calculated for C 17 1I 15 0 7 C1, l§TI a O 6*87 % 

4*705 mg. primulidin chloride (dried) gave 9*16 mg. C0 2 and 1*9 mg. H a O 
4*260 mg. „ „ „ 1-577 mg. AgCl 


II. 


3*502 mg. 
4*721 mg. 
5-136 mg. 
3-195 mg. 


3*20 mg. Agl 
9-63 mg. CO a and 1*75 mg. H a O 
1-863 mg. AgCl 
3-22 mg. Agl 


The percentage compositions are therefore: 


By experiment. Sample I 
Sample II 

Calculated for C 17 H 16 0 7 C1 (malvidin chloride) 


c 

H 

Cl 

OCH s 

55-3 

4-28 

9-10 

14*76 

55-6 

4-12 

8*96 

13-40 

55-9 

4*11 

9*68 

16-90 


These figures are in agreement with the dimethyl formula C 17 H 15 0 7 C1,1 |H 2 0. 
The low values obtained for the (OCH 3 ) content indicate the presence of traces 
of a lower methylated delphinidin. 

The colour reactions and stability of solutions of primulidin chloride were 
compared with those of oenidin and pure synthetic malvidin chloride in a 
series of buffered solutions. The different amount of contamination in oenidin 
and primulidin was demonstrated by the slight differences in the reactions of 
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Table I. 





Time of 
obser¬ 

Oenidin 

Primulidin 

Mai vi din 


Pu 

vation 

chloride (0) 

chloride (P) 

chloride (M) 

10 % HC1 



Bluish red, stable 

Same as 0 

Same as 0 

I 

3-2 

Initial 

Bluish red, fading 

Colour gone 

it 

Colour gone 



30 min. 

Very faint pink 

II 

3-6 

Initial 

A little bluer than I, 

Same as 0 

Same as 0 




fading 


Colour gone 



30 min. 

Very faint pink 

Colour gone 

III and IV 

4-4 and 5-0 

Initial 

Same as II, but more 

Same as 0 

Same as 0, a 




intense 


little less 
intense 



30 min. 

Very faint pink 

All colour gone 

All colour gone 

V 

5-6 

Initial 

Plum colour, more 

Same as 0 

Same as 0 




intense 





3J hr. 

Very pale pink 


pt 

VI 

6-2 

Initial 

A little more violet and 

Even more in¬ 

Same as 0 




more intense than V 

tense than 0 




3£ hr. 

Very pale mauve 

Same as 0 

,, 



18 hr. 

Very pale blue 

tt 


VII 

6-8 

Initial 

Much bluer, pure 

Slightly more 

Same as 0 




blue in thm layers 

mauve than 0 




Si hr. 

18 hr. 

Very pale blue 

M 

Same as 0 

»* 

n 

99 

VIII 

7-4 

Initial 

Same as VII 

Slightly more 

Same as 0 





mauve than 0 




31 hr. 

Paler and greener 

Same as 0 

9t 



18 hr. 

Very pale blue 

»» 

99 

IX, X 

80-9-2 

Initial 

Pure blue 

Slightly more 

Same as 0 

and XI 


Si hr. 

18 hr. 

Paler and greener 

Very pale blue 

intense than 0 
Same as 0 

.* 

Pi 

a 

XII 

9-8 

Initial 

Same as XI 

Shghtly more 

Same as 0 





intense than 0 




3J hr. 

Paler and greener 

Same as 0 

Pale green-blue 



18 hr. 

Dirty blue-grey 

Dirty grey- 
yellow 

Dirty grey- 
yellow 

XIII 

10-4 

Initial 

Slightly greener than XII 

Pure blue as 
for XII 

Same as P 



20 rain. 


Green-bluo 



Si hr. 

Paler and greener 

Same as 0 

it 



18 hr. 

Yellow (blue tinge) 

Yellow 

Yellow 

XIV 

11-0 

Initial 

Blue, greenish tinge 

Slightly 

Same as P 




greener than 0 




20 min. 

Pale blue 

Pale blue 

Pale green 

Yellow 



Si hr. 

Grey-blue 

Grey-mauve 



18 hr. 

Yellow 

Yellow 

XV 


Initial 

Same as XIV 

Same as XIV 

Same as P 



20 rain. 

Pale blue 

Dirty blue 

Pale green 



Si hr. 

Grey-blue 

Yellow 

Clear yellowish 



18 hr. 

Yellow 

p> 

green 

Yellow 

XVI 


Initial 

Same as XIV 

Same as XIV 

Same as P 



20 min. 

Pale blue 

Dirty blue 

Pale green 



Si hr. 

18 hr. 

Grey-blue 

Yellow 

Yellow 

it 

Yellow 

pp 

XVII 


Initial 

Same as XIV 

Same as XIV 

Same as P 



20 min. 

Pale blue 

Grey blue 

Pale green 



f hr. 

Grey-blue 

Brown 

tt 



3^ hr. 

Yellow 

Yellow 

Yellow 
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the three chlorides, which are shown in Table I. It will be seen that 
below p n 11 the prinmlidin chloride solution is slightly more mauve and 
more intense than the corresponding solutions of oenidin and malvidin 
chloride. At p n 11 both primulidin and malvidin chloride are more mauve than 
oenidin, and at higher these two pigments are destroyed in a shorter period 
of time. The resemblance between primulidin chloride and malvidin chloride 
appeared to be slightly greater than that between oenidin chloride and mal¬ 
vidin chloride. The buffered solutions were prepared by the addition of the 
increasing amounts of standard 0*2 N sodium hydroxide to the British Drug 
Houses <c Universal Buffer Solution.” Up to p n 11-0, the p u could be calculated 
accurately. 



600 ftp, 550 jJ.fl 500a 50 fJ-JJ, 

Wave-length 
Fig. 3. 


The absorption spectra of alcoholic hydrochloric acid solutions of oenidin, 
primulidin and malvidin chlorides were examined in the spectrophotometer, 
and the logarithmic curves were plotted to show the intensity of absorption of 
these three pigments within the visible spectrum. Each showed a band in the 
green portion, and a further one commencing in the violet and continuing into 
the ultra-violet region. The curves (see Fig. 3) were almost exactly alike, except 
at wave-lengths below 480/x/x where the figures were unreliable, owing to the 
difficulty in taking accurate readings in the violet region. The maximum 
absorption in each case was at 560/x/x. The pigment solutions used were of such 
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a strength that the maximum log absorption values were at about 2*0. Owing 
to slight differences in these concentrations the curves obtained are parallel 
but not identical. 

The breakdown of primulidin chloride by oxidation and 
alkaline hydrolysis . 

After oxidation of primulidin chloride with hydrogen peroxide [Karrer and 
Widmer, 1927, 2], syringic acid was isolated from the decomposition products. 
About 0*2 g. of pigment was dissolved in 20 cc. hot water, and 15 cc. of 30 % 
hydrogen peroxide were added. After standing overnight, the brown residue 
was filtered off from the decolorised solution, which was then extracted 
several times with pure ether, and the ethereal solution washed free from 
peroxide by shaking twice with water. The ether was then evaporated off, and 
the pale brown residue was dissolved in a small amount of hot water, and 
decolorised by boiling with charcoal. On concentration of the solution in a 
vacuum desiccator, colourless needles separated. These w r ere recrystallised 
twice, and identified as syringic acid by their melting point of 105° (uncorr.) 
and grey-green reaction with ferric chloride. The yield was very small. 

A second sample of the pigment was treated for a few minutes with 
boiling 50 % potassium hydroxide, aerial oxidation being avoided. When 
hydrolysis was complete, the hot solution was poured cautiously into dilute 
sulphuric acid and extracted with ether. After treatment with sodium 
bicarbonate solution, through which carbon dioxide had been passed, it was 
necessary to extract repeatedly with ether to remove phloroglucinol. After 
evaporation of the ether, the pale yellow residue was taken up in water. The 
yield was very small, owing to the small amount of pigment available for the 
experiment, and the ease with which phloroglucinol is oxidised during the 
hydrolysis. It was possible, however, to identify it by the red colour obtained 
with a pine shaving and strong hydrochloric acid, by its orange-red diazo- 
benzene compound, and by the precipitation of a brick-red phloroglucide on 
boiling with rhamnose and 20 % hydrochloric acid. 

On acidification of the aqueous layer, extraction with ether, and evapora¬ 
tion, a pale brown residue was obtained, which appeared from its acid reaction 
and colour with ferric chloride, to be a mixture of gallic and syringic acids. 

The sugar residue . 

The identification of the carbohydrate portion of the primulin molecule was 
carried out by means of qualitative tests and quantitative estimations. 

The “distribution number” for primulin chloride was ascertained by dis¬ 
solving 0*005 g. in 25 cc. 5 % hydrochloric acid, and shaking with two suc¬ 
cessive amounts of amyl alcohol (25 cc.). The amount of pigment extracted in 
each case was measured colorimetrically by comparison with a standard made 
from 0*005 g/ of pigment, dissolved in 1 cc. of methyl alcohol and made up to 
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25 cc. with amyl alcohol. The amyl alcohol was pyridine-free and contained a 
trace of hydrochloric acid to prevent isomerisation. 

The mean value obtained for the distribution number of primulin chloride 
was 8*6. This is somewhat below the values usually found for monoglucosides 
(9*8 to 11*0), but is considerably above those for diglucosides, which are all 
below 2*0. (Oenin chloride has a distribution number of 10*4.) 

About 0*1 g. of glucoside was hydrolysed with 10 cc. of 20 % hydrochloric 
acid. After cooling, the sugar-free pigment was filtered off, and a small amount 
of colour which still remained in solution was removed by shaking with amyl 
alcohol. The absence of pentose from the filtrate was shown by a negative 
orcinol test. 

The remaining sugar solution was shaken with ether to remove any amyl 
alcohol remaining and neutralised with lead carbonate. After filtering, the 
excess lead was removed with hydrogen sulphide, and the latter was expelled 
from the filtered solution by heating on a water-bath. 

The osazone was prepared from this neutral solution in the usual way. It 
resembled glucosazone in crystal form and in its melting point of 210° (uneorr.), 
which did not change after three recrystallisations from methyl alcohol. 

The amount of glucose in the primulin molecule was estimated by de¬ 
termining the proportions of primulidin chloride and reducing sugar produced 
on hydrolysis of the glucoside. 

A weighed quantity of primulin chloride (dried at 105° as before) was 
hydrolysed with 10 cc. of acid and left in the ice-chest until the mother-liquor 
was barely pigmented. The crystalline sugar-free pigment was collected on a 
weighed Pregl glass filter, washed with a small amount of 30 % hydrochloric 
acid, dried in vacuo at 105° over P 2 0 5 and weighed. 

The filtrate was. extracted with amyl alcohol, shaken with pure ether to 
remove any remaining alcohol, neutralised with sodium hydroxide and made 
up to a definite volume. The reducing sugar present was estimated by Bertrand’s 
method and polarimetrically r . 

I. 128-9 mg. primulin chloride (dry) gave 88-8 mg. primulidin chloride (dry) 

128-9 mg. „ „ „ reduced 80-0 mg. copper =39-82 mg. glucose 

II. 84-1 mg. „ „ „ gave 23-7 mg. glucose (25 cc., Z=2 dm.. 4-0-10°) 

III. 53-9 mg. „ f „ gave 36-5 mg. primulidin chloride (dry) 


The percentage yields are therefore: 

%C„H It O,Cl 

%C,H ; 

By experiment I 

68-8 

30-9 

II 

— 

28-2 

III 

67-7 

— 

Calculated for CggH^OiaCl 

69-4 

34-1 


The low sugar values obtained are due to the breakdown of an appreciable 
amount of glucose during the hydrolysis. 

The analyses for the carbon, hydrogen and chlorine content of primulin 
chloride are also in agreement with the monoglucosidal formula. The polari- 
meter reading is correct for glucose, and not galactose. 
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The colour reactions of primulin, primulidin, oenin, oenidin and malvidin 
chlorides, and of three synthetic malvidin compounds methylated at 3, 5 and 7 
respectively, were compared in buffered solutions of p H 8. It was found that 
the chlorides of primulin, oenin and 3-0-methylmalvidin gave a similar violet 
colour (violet-blue in thin layers, and red-violet in thick layers). On the other 
hand, primulidin, oenidin and malvidin chlorides gave a similar pure blue, 
5-O-methylmalvidin chloride gave a slightly less green-blue, and the 7-methyl 
compound gave a violet-blue (pure blue in thin layers, and blue-violet in thick 
layers), which was easily distinguishable from the violet colour given by the 
3-substituted compounds. It is therefore reasonable to suppose that the 
glucose molecule in primulin is attached at position 3. 

Summary. 

1. The magenta and dark red flowers of Primula polyanthus contain an 
anthocyanin pigment which has been named primulin. 

2. By extraction of the pigment with dilute hydrochloric acid and purifica¬ 
tion through the picrate, pure crystalline primulin chloride has been prepared, 
and shown to consist of 3-monoglucosidylmalvidin chloride, together with 
traces of a lower methylated compound. 

3. By a comparison of the properties and reactions of the chlorides 
of primulin and oenin and of the sugar-free pigments primulidin, oenidin and 
malvidin, it is shown that, although of nearly the same constitution, primulin 
and oenin are not identical. 

4. Primulin furnishes the same aglucone as the pigments of P. viscosa and 
P. integrifolia , but differs from them in the nature and position of attachment 
of its glucosidal residue. 

* 
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Stnce the action of insulin began to be investigated, a puzzling discrepancy 
between its action on the diabetic and on the normal animal has attracted 
attention. In the diabetic animal it readily renews the store of glycogen in 
the depleted liver; on the other hand, the predominant result of the earlier 
and of much of the later work was to show that, when injected into the 
normal animal, if it measurably affected the glycogen in the liver or the 
muscles, it caused disappearance instead of additional accumulation [cf. Dudley 
and Marrian, 1928; Macleod and McCormick, 1928; Babkin, 1928; Nitzescu 
and Popescu-Inotesti, 1928; Brugsch, 1924; Gigon and Staub, 1928J. There was 
evidence, indeed, that insulin even in the normal animal might initially promote 
an increase of glycogen in the liver of the rabbit [Cori. Cori and Pucker, 1928], 
or of the whole mouse | Bissinger, Lesser and Zipf, 1928], though at a later stage 
of developed hypoglycaemia the glycogen became reduced below the original 
amount. Cori later found that insulin caused diminution of liver-glycogen in 
rabbits, guinea-pigs and mice when the proportion was initially high, but not 
if it was low. There was no room for doubt, however, that the glycogen stores 
of liver and muscles might in some species be seriously depleted by insulin 
with a concurrent great reduction of oxidative metabolism; and the problem 
remained of accounting for the disappearance of circulating glucose under 
such conditions. 

Macleod [1926] and his school have interpreted such results as pointing 
to the conversion of glucose into some substance unrecognisable by the ordinary 
methods of estimating carbohydrates, when insulin acts on the normal animal. 
It was found in this laboratory, however, that when insulin acted under 
uncomplicated conditions on muscle, the glucose disappearing could be fully 
accounted for by glycogen storage and oxidation [Best, Dale, Hoct and Marks, 
1926]. It was accordingly urged that the phenomena seen in the whole animal 
were due to complication by another action of insulin, namely, a depression 
of the new formation of carbohydrate, so that oxidative metabolism was 
concentrated on that pre-existing, with consequent depletion of reserves. 


1 Baker Research Institute, Melbourne, 
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Substantially similar views as to this effective transfer of oxidation to carbo¬ 
hydrate had been put forward by Laufberger and by Cori and Cori. 

More recent evidence has suggested yet another factor in the total effect. 
Cori and Cori [1928] have shown that in the rat a suitable dose of insulin 
diminishes the store of glycogen in the liver and increases that in the muscles, 
while a small dose of adrenaline affects the distribution in the other direction, 
causing glycogen to leave the muscles as lactic acid, which the liver rebuilds 
into glycogen. Experiments by Marks and myself, which are being published 
elsewhere, have confirmed this effect of adrenaline on muscle-glycogen and 
brought to light a new discrepancy, since we failed to find enough lactic acid 
to account for the glycogen thus discharged. Since a hypoglycaemic dose of 
insulin provokes accelerated secretion of adrenaline, the bearing of this 
complication on the total effect of an insulin injection had to be considered, 
and gave promise of reconciliation between the rival conceptions above 
mentioned. 

Meanwhile, however, Goldblatt [1929] had published the results of experi¬ 
ments, made chiefly on young, fasting, normal rabbits. He found that in¬ 
jection into such animals of a dose of insulin sufficient to cause a profound 
hypoglycaemia, without convulsions, produced a substantial accumulation of 
glycogen in the liver. The change shown in his experimental records was 
striking, especially in view of the fact that so many workers, under conditions 
but slightly different, had looked for such an effect and failed to find it, or 
had even observed its direct opposite. It proved to be easy, as I shall show, 
under the conditions of Goldblatt’s experiments, to confirm his observation 
with regularity. He has based on it a theory that the action of insulin is 
simply to retard the conversion of liver-glycogen into glucose, with resulting 
accumulation of glycogen and hypoglycaemia. 

Such a theory, attractive in its simplicity, might have been easy to 
accept at a very early stage of the investigations on insulin. Its acceptance 
to-day would appear to involve the rejection of a large body of evidence 
obtained by other workers, on a number of species and by various methods. 
It seemed desirable to examine further the relation of the fact observed by 
Goldblatt to many which appeared to conflict with it. With this object in 
view I have studied the effects of nonconvulsant doses of insulin in normal 
animals of several species. 


Experimental. 

Methods . 

In all experiments convulsions were avoided, the animals being killed 
when preconvulsive flaccidity and inco-ordination had developed. The animals 
were killed either by a blow on the head or, in the case of mice and fowls, by 
decapitation. The thorax and abdomen were quickly opened and blood for sugar 
estimation was taken from the heart. Glucose was determined by the method 
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of Hagedorn and Jensen. The liver was quickly removed, weighed and cut up 
into boiling 60 % potassium hydroxide, allowing 1 cc. per g. tissue. In the 
case of mice the livers were not weighed but directly dropped into tubes 
containing boiling potash and the weights determined by difference. 

In young rabbits it is possible to remove quickly and cleanly the whole 
of the posterior thigh muscles, and such samples were invariably taken for 
muscle-glycogen determinations. The muscle was dropped immediately into 
boiling 60 % KOH. The anterior thigh and posterior leg muscles were removed 
for free glucose estimation, being immediately disintegrated in ice-cold 
absolute alcohol. In fowls a portion of the left pectoralis muscle was removed 
for glycogen estimation and in ferrets the procedure was to strip the leg and 
thigh for such samples. 

Glycogen was determined by Pfliiger’s method, the glucose in the acid 
hydrolysate being estimated by the modified Bertrand method as described 
by Best, Hoet and Marks [1926]. Muscle-sugar was also determined according 
to the method used by these workers. 

Results. 

1. Experiments on young rabbits. 

The experimental conditions were closely similar to those of Goldblatt's 
experiments on insulin alone. In each experiment a batch of healthy young 
rabbits from one litter was taken and kept without food for 24 hours. In 
each case approximately equal numbers were taken for injection with insulin 
and as normal controls respectively. The ages of the litters varied from 
6| to 8 weeks, and the weights of individual rabbits in the whole series from 
400 to 900 g. The average weight of 11 controls was 654 g. and of 11 rabbits 
receiving insulin 620 g. In a certain number of his experiments Goldblatt 
estimated the glycogen in the gastrocnemii of each rabbit as well as that of 
the liver. The number of such estimates on rabbits receiving insulin alone 
was hardly large enough, however, to justify the attribution of much signifi¬ 
cance to the relatively small deficit of muscle-glycogen observed, as compared 
with that in the few controls; and Goldblatt did not, in fact, lay stress upon it. 
I have estimated the glycogen in muscles as well as liver in all experiments 
on rabbits, and, to increase the chance of obtaining representative samples, 
have taken muscles from the whole of the posterior thigh in each case, as 
described under Methods. Table I shows the results on the 22 rabbits, 
estimates of liver-glycogen being available in all cases, and of muscle-glycogen 
in all except one of the controls, in which it was lost by accident. 

There is clear confirmation of the increase of liver-glycogen observed by 
Goldblatt as the effect of insulin; the lowest figure in the insulin group is 
nearly 2J times as great as the highest in the normal group, and the average 
insulin value more than 7 times as great as the normal. The effect on the 
muscle-glycogen is not so uniform. Of the 10 normal values, 2 are so low 



782 


B. CORKILL 


as to be within the general insulin range, and of the 11 insulin values 4 are 
high enough to be within general range of the normals. If we compare the 
simple averages of the two groups, that of the normal is practically twice as 
high as that of the insulin series. The figure in either case, however, is 
obviously subject to a rather wide range of error. It seemed worth while, 
nevertheless, to calculate for the glycogen from the liver and muscles the 
average total quantities per rabbit in the two groups, even though the figures 
could be regarded as only rough approximations. 

Table I. 


A. Normal controls . 


Rabbit 

Liver 

Liver- 

Muscle- 

Muscle- 

Blood- 

wt. g. 

wt. g. 

glycogen % 

glycogen % 

sugar % 

sugar % 

476 

13-96 

0-24 

0-19 

0-100 

0-131 

480 

16-08 

0-25 

0-18 

0*099 

0-163 

462 

14-62 

0-60 

0*21 

0*117 

0-150 

464 

17-28 

0-20 

0-30 

0-127 

0*141 

852 

19-33 

0-28 

(Lost) 

0-115 

0*152 

582 

15-18 

0-08 

0*66 

0-103 

0*110 

800 

20-30 

012 

0-42 

0-127 

0106 

690 

20-06 

057 

008 

0-097 

0*132 

904 

23-97 

0-42 

0 12 

0-103 

0*122 

804 

24-41 

0-33 

0-30 

0-124 

0*156 

676 

17-55 

0-22 

0*27 

0-112 

0*138 

Av. 654 

18-43 

0-30 

0-27 

0*111 

0136 


553 

21*73 

B. After insulin 

3*72 

(0*5 unit). 

0*15 

0*094 

0*052 

581 

21*10 

3*66 

0*13 

0*098 

0*015 

407 

16*14 

2*10 

Trace 

0*113 

0*041 

520 

14*53 

3*20 

0-07 

0-098 

0-051 

645 

18*73 

1*20 

0*27 

0*124 

0*061 

715 

20*84 

2*73 

0*24 

0*117 

0*051 

860 

23*25 

2*03 

0*19 

0*112 

0*056 

672 

21-53 

1*90 

0*04 

0*095 

0*072 

521 

15-83 

1 47 

0-08 

0*074 

0*050 

748 

19*98 

1*33 

0*20 

0*115 

0*043 

598 

18*47 

1*00 

0*12 

0*092 

0-057 

Av. 620 

19*28 

2-22 

0*14 

0*103 

0-050 


* The livers were weighed in all cases, but a figure was required for esti¬ 
mating the weight of muscle from the total weight of a rabbit. Best, Hoet 
and Marks found that the muscles of a cat contributed approximately one-half 
of the total weight of the intact animal. Estimates were made on two young 
rabbits by the methods which they used. 

Ewp. Two young rabbits were kept fasting for 24 hours, weighed and then 
killed. The skin, the viscera of the abdomen and thorax and the brain were 
removed and weighed. The difference represented roughly the weight of 
muscles and bones. The stripped carcase was then boiled, and the bones 
were cleaned and weighed. The difference again gave the weight,of the 
muscles. Tableau shows the results. 



ACTION OF INSULIN 


783 


Table II. 


Rabbit wt. (g.) 

809 

797 

Muscles and bones (g.) 

504 

482 

Bones (g.) 

100 

79 

Muscles (g.) 

398 

403 

Wt. of muscles % 

49 

50 


The muscle weight of the young rabbits, like that of the cat, can accordingly 
be taken to be about one-half the total body weight. Applying this factor, 
and the known average weight of the livers, we obtain figures for the average 
totals of liver- and muscle-glycogen in the two series, as shown in Table III. 


Averages 

Table III. 

Normal 

After insulin 

Difference 

Wt. of animal (g.) 

654 

620 

— 

„ muscles (g.) 

327 

310 

— 

„ liver (g.) 

18-43 

19-28 

— 

Liver-glycogen % 

0-30 

2-22 

— 

Muscle-glycogen % 

0-27 

0-14 

— 

Total liver-glycogen (g.) 

0055 

0-428 

+ 0-373 

„ muscle-glycogen (g.) 

0-882 

0-434 

-0-448 

glycogen (g.) 

0-937 

0-862 

-0-075 


It will be seen that, on this calculation, the total loss of muscle-glvcogen 
under insulin is actually slightly greater than the total gain of liver-glycogen. 
As already indicated, the figures for muscle-glycogen are too irregular and 
the method of calculation, involving a large and only approximate factor for 
weight of muscle, too rough to warrant the attribution of any significance to 
this difference. It is, however, justifiable to conclude that the gain of liver- 
glycogen, though much easier to detect with certainty, is not a more im¬ 
portant item in the total change produced than the loss from the muscles. 

Taken by itself, such a result would still be quite compatible with 
Goldblatt’s suggestion as to the mechanism of insulin action. The normal 
level of the blood-glucose being maintained by liberation at an appropriate 
rate from the liver-glycogen, a stoppage of this process would lead the blood- 
sugar to fall, and the hypoglycaemia might in its turn prevent the muscle 
from replenishing the glycogen used in contractile metabolism. On the other 
hand, this combination of effects--the disappearance of glycogen from the 
muscles and its accumulation in the liver—is the direct reverse of that 
described by Cori and Cori as produced by insulin in the rat. Such a contrast 
clearly suggests the desirability of examining the effects in some other species. 

2. Experiments on chickens . 

All the chickens used were from a strain of the Plymouth Rock variety 
bred at the Institute’s Farm Laboratories, Mill Hill, and were of a known and 
uniform age of about 3 months from hatching. The normal well-fed chicken, 
as others have recorded, has an apparent percentage of blood-glucose, as 
determined by reduction, about twice as great as that of the average mammal. 
It is stated that the true percentage of glucose is some 30 mg. lower than 
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this reduction-value, which is partly due to uric acid, ergothioneine and other 
non-carbohydrate reducing substances. I have made no attempt to differ¬ 
entiate, recording the total reduction-values in all cases as glucose. It should 
be noted, however, that if an absolute correction of the amount above indicated 
were applicable to the figures for “blood-sugar” after insulin, a condition of 
very severe hypoglycaemia would in many cases be indicated, though no 
pronounced symptoms, and certainly nothing suggesting convulsions, occurred 
as the result. 

The figures in Table IV, obtained from 3 chickens not deprived of food 
up to the time of killing, give an idea of the range of the “blood-sugar” and 
liver-glycogen in such normal birds. 


Table IV. Normally fed chickens . 


“Blood-sugar” % 
0*199 
0*200 
0*188 


Liver-glycogen % 
3-64 
2*77 
2*4 


It was found, however, that fasting for 24 hours sufficed to reduce the 
liver-glycogen to a very low proportion, so that in most cases it was below 
the range of trustworthy estimate by Pfliiger’s method, and had to be recorded 
as an unmeasured “trace.” Chickens so prepared should accordingly offer an 
experimental material closely comparable to the young rabbits used in 
Goldblatt’s experiments and my own. Birds, as others have observed, being 
very resistant to insulin, it was necessary to give it in relatively enormous 
doses to produce definite hypoglycaemic symptoms, 80 units per bird were 
injected in hourly doses of 20 units each, and the birds were killed when 
distinct symptoms of inco-ordination had appeared after the last dose. 
Table V shows the results on the glycogen content of the liver and muscles 
of these birds. 


Table V. Chickens after 24 hours' fasting . 

Controls Insulin 

Percentages Percentages 


Blood- 

Liver- 

Muscle- 

Blood- 

Liver- 

Muscle- 

sugar 

glycogen 

glycogen 

sugar 

glycogen 

glycogen 

0*199 

Trace 

0*50 

0*052 

Trace 

0*51 

0*175 

»» 

0*26 

0*068 

ft 

0*32 

0*200 

»> 

(Lost) 

0*084 

99 

0*61 

0*188 

it 

0*31 

0*052 

It 

0*85 

0*199 

0*26 

0*43 

0*052 


0*60 

0*199 

0*18 

0*40 

0*068 

0*32 

0*50 


Av. 

0*38 


Av. 

0*56 


It will be seen that, in complete contrast to the effect on young rabbits, 
there is here no sign of accumulation of glycogen in the liver as the result of 
the action of insulin. The glycogen of the muscles, on the other hand, shows 
a small, but faHiably significant increase under the action of insulin. 
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The conditions of absorption from the alimentary canal, as also of new 
formation of carbohydrate in the liver, might of course be different in the 
chicken and the rabbit, when both were subjected to fasting for 24 hours. 
It was, therefore, of interest to study the effects on the glycogen of the liver 
and of the muscles of giving known amounts of glucose by the mouth, with 
and without insulin, to chickens which had previously fasted for 24 hours. 
Several experiments of this kind were carried out, and, since the conditions 
in all were identical, and the results uniform in direction, the latter may 
conveniently be presented together, as in Table VI. It will be seen that 
5 birds were kept fasting as controls, 9 were given glucose alone, in each 
case 3 g. as 20 cc. of a 15 % solution by tube into the crop, and another 9 
the same treatment with glucose and 40 units of insulin hypodermically, 
20 units being given at the same time as the glucose, and another 20 units 
an hour later. Two hours after the administration of the glucose the birds 
were killed for analysis. 


Fasting controls 
Percentages 


Table VI. 

3 g. glucose by mouth 

3 g. glucose by mouth 40 units insulin hypodermically 
Percentages Percentages 


Blood- 

Liver- 

Muscle- 

Blood- 

Liver- 

Muscle- 

Blood- 

Liver- 

Muscle- 

glucose 

glycogen glycogen 

glucose glycogen glycogen 

glucose glycogen glycogen 

0184 

0-18 

0-73 

0-226 

1*95 

0-38 

0*251 

0*08 

0*81 

0199 

Trace 

0-90 

0-234 

2*45 

0-52 

0-343 

0*58 

0*78 

0190 

0-22 

0-49 

0*213 

2-28 

0*73 

0-164 

0*29 

1*08 

0-206 

Trace 

0-75 

0-232 

212 

1-00 

0*163 

0*55 

1*03 

0-206 

»» 

0-22 

0-232 

2*28 

1*81 

1*90 

0-41 

0-152 

Trace 

(Lost) 

0*197 ~ 


0-62 

0-240 

0-243 

0*40 

0-62 

0*141 

0*102 

2*02 

Trace 

1*01 

0*62 




0*228 

2*70 

0-85 

0*286 

,, 

0-48 




0*282 

1*70 

0-94 

0*127 

0*15 

0*85 



Av. 

0*237 

2*02 

0-65 

0*192 


0*83 


The results, as regards the liver-glycogen are perfectly clear. Glucose 
alone by mouth, without extraneous insulin, causes a rapid replenishment of 
the glycogen store of the liver, depleted by fasting. This is accompanied by 
a moderate rise in the average level of the blood-sugar. When insulin is given 
in addition to the glucose, no definite hypoglyeaemia occurs, some values 
being above, others below T , the normal and the average being practically 
the same as in the controls. Nevertheless, except in one aberrant case, the 
insulin can be said to have prevented, or restricted to very small dimensions, 
the effect which the same dose of glucose by itself produced on the liver- 
glycogen. As usual, the figures for muscle-glycogen are more irregular, and 
the comparison of averages has a consequently less certain validity. They 
appear to indicate that, whereas glucose alone causes no perceptible change 
in the glycogen content of the muscles, insulin in addition to glucose causes 
some increase in the muscle-glycogen, whereas it prevents, as a rule, the 
accumulation in the liver which glucose alone causes. 

Biochem. 1930 xxiv 
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Taking these results as they stand, and deferring for the moment any 
discussion of the processes concerned, we may note that the effects of insulin 
in the fowl, whether glucose is also given or not, resemble those described by 
Cori and Cori in the rat, and are in sharp contrast to those observed by 
Goldblatt and by myself in the rabbit. 

3. Experiments on young ferrets. 

These were chosen as being another type of animal, intermediate in size 
between the rabbit and the rat, purely carnivorous, and easily obtainable in 
litters of sufficient size. A few preliminary experiments showed that the liver 
of the ferret retains its glycogen store with great tenacity, from 2 to 4 % 
being present after 24 hours’ fast, and that the species has a relatively high 
resistance to insulin, from 12 to 15 units being necessary to produce a 
recognisable hypoglycaemia in a young ferret. Even with such doses the only 
symptoms were muscular weakness and inco-ordination; no convulsions were 
seen. 

Six young ferrets of the same litter, 7| weeks old, were taken for an 
experiment. All were kept fasting for 24 hours. Three were then set aside as 
controls, and each of the other 3 received 12 units of insulin hypodermically. 
Three hours later all the treated animals were visibly flaccid and their move¬ 
ments inco-ordinate. All 6 were killed, and determinations made of blood- 
sugar, liver-glycogen and muscle-glycogen. The results are shown in Table VII. 


Table VII. 

Controls After insulin 

Percentages Percentages 


Blood- 

Liver- 

Muscle- 

Blood- 

Liver- 

Muscle- 

sugar 

glycogen 

glycogen 

sugar 

glycogen 

glycogen 

0-102 

2-4 

0-23 

0*052 

2-4 

0-42 

0-092 

3-8 

0-31 

0 052 

1-9 

0-45 

0*092 

2-8 

0-25 

0-058 

3-9 

0*48 

0-095 

3-0 

0*20 

0 054 

2-7 

0-45 


It will be seen that the insulin has produced a definite, though not extreme, 
hyp°gly cae mia. The liver-glycogen shows no significant change. The increase 
of muscle-glycogen, on the bother hand, is consistent, and of significant 
dimensions. 


4. Experiments on mice . 

The effect of insulin on the distribution of glycogen between the liver and 
the muscles of the rat had been very thoroughly studied by Cori and Cori, 
and it seemed unnecessary to make further experiments on this animal. In 
mice, on the other hand, the early experiments of Dudley and Martian, which 
first drew attention to the unexpected disappearance of glycogen under insulin 
action, were few in number. Lesser and his colleagues used a method which 
did not diffeijsati^te between liver and muscles. Further experiments on 
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mice seemed, therefore, desirable and, in particular, it seemed important to 
discover whether insulin in any dose, in any relation to food, and at any stage 
of its action, could be shown to promote such storage of glycogen in the liver 
of the mouse as it does in that of the young rabbit. Under no conditions, 
however, has it been possible to demonstrate such an effect, even as a 
preliminary phase of the action. In some cases the muscle-glycogen was 
estimated by removing the viscera, the head and the skin, and working up 
the muscles and bones of the stripped carcase together. 

Exp. Ten mice weighing 16 to 20 g. were kept without food for 12 hours. 
Five were used as controls and each of the other five received 0*05 unit of 
insulin subcutaneously. The mice were kept at the laboratory temperature, 
so that the effect of insulin was protracted. The first of the insulin mice 
showed symptoms of weakness after 70 minutes and'was killed, with one of 
the controls. Thereafter as each injected mouse showed such symptoms, and 
before any sign of convulsions appeared, it was killed, together with a control 
mouse. In each case the liver was removed, and dropped into hot potash, and 
the carcase similarly treated. The 5 control livers were worked up together, 
and similarly the 5 insulin livers. Separate estimates were made of the 
carcase-glycogen and of the sugar in the blood taken from each animal at 
killing. The last mouse was killed about 90 minutes after the insulin was 
given. The results are shown in Table VIII. 

Table VIII. 



Controls 



After insulin 



Percentages 



Percentages 



Liver- 



Liver- 


Blood - 

glycogen 

Carcase - 

Blood- 

glycogen 

Carcase- 

sugar 

(Av.) 

glycogen 

sugar 

(Av.) 

glycogen 

0108 


010 

(Lost) 


0-12 

0-131 


022 

0041 


0-08 

(Lost) 

21 

015 

0026 

None 

0-08 

0 113 


0-08 

0024 


0-07 

0140 


012 

0034 


0-07 

0138 


015 

0-031 


0-08 


Though the minute “ glycogen ” precipitate from the combined 5 insulin 
livers was duly collected and hydrolysed, it did not yield a titratable amount 
of glucose. The carcase-glycogen shows a probably significant reduction, but 
has not approached exhaustion. 

Exp . Twenty mice were kept without food for 12 hours. Ten were kept 
as controls and each of the other 10 received 0-02 unit of insulin. All the mice 
were then placed in a thermostat at 37°, at which temperature the smaller 
dose of insulin caused symptoms of hypoglycaemia in 15 to 25 minutes. The 
insulin mice were, as before, killed as they reached the stage of preconvulsive 
symptoms, and the controls alternately with them. The blood samples and 
the livers of each group were pooled for analysis, so that the figures obtained 
and shown in Table IX are average percentages. 


50—2 



788 


B. CORKILL 


Table IX. 

Controls After insulin 

r - A - t - A --- 

Blood-sugar Liver-glycogen Blood-sugar Liver-glyoogen 

0-139 Ml 0 034 0-003 

Again the liver is practically emptied of glycogen. Several larger series 
of mice were then taken, which had been feeding up to the time of starting 
the observation or, in one series, until 2 hours before that time. In each 
series 5 were taken as controls, and the remainder received 0*05 unit of insulin. 
All were kept at room temperature, the insulin mice being killed in batches of 
five at intervals varying from 5 minutes up to 1 hour after the injections. The 
glycogen percentage was estimated on the pooled livers of each such sample 
of 5 mice. The results are given in Table X. 

Table X. Liver-glycogen percentages. 

No. of ,- 

mice Controls 5 mins 
15 1-67 — 

15 2-54 2-34 

20 2-07 203 

In these well-fed mice, also, there is no suggestion of increased storage of 
liver-glycogen at any stage. Five minutes after the injection, with the dose 
only partly absorbed, the liver-glycogen is not certainly diminished, but shows 
no sign of increase; in 10 minutes the decrease is becoming obvious; after an 
hour there is practically no glycogen left. 

A further similar series of measurements was made on 20 mice which had 
been kept without food for 16 hours. After 15 had each received 0*02 unit of 
insulin, they were kept in the thermostat at 37° and killed in batches up to 
25 minutes from the time of injection. Table XI shows the percentages of 
liver-glycogen. 

Table XL 

Controls 5 mins. 10 mins. 25 mins. 

Liver-glycogen % 0-30 0-13 0 15 0 001 

Again, the first perceptible effect of insulin is a diminution of the liver- 
glycogen, exhaustion being practically complete in 25 minutes under these 
conditions. These experiments are typical of a number of others in which the 
effect of insulin was tested on mice fully fed, or fasting for different periods, 
and killed for examination at varying intervals after the injection, from 
5 minutes onwards. On a total of 310 mice, in no case was any increase of 
liver-glycogen detected, but always a decrease when a significant change had 
occurred. 

Bissinger, Lesser and Zipf made their observations on mice which, after 
fasting for 18 hours, were given insulin with 50 mg. glucose. Under those 
conditions they observed an initial increase in the glycogen of the whole 
mouse, occurring at an earlier period than in similar mice receiving glucose 


Time after injection of insulin 


10 mins. 

15 mins. 

1 hr. 

_ 

0-91 

Trace 

_ 

— 

001 

1-56 

_ 

Trace 
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alone. It seemed desirable to attempt to repeat this observation, and to 
estimate the glycogen separately in the liver and in the stripped carcase, 
consisting chiefly of muscle. 

Exp . Eight mice were accordingly kept without food for 18 hours, after which 
80 mg. of glucose were injected into each mouse, and 0-04 unit of insulin into 
each of four, the others being kept as controls. After 30 minutes all were 
killed and worked up in the usual manner, the livers in each group being 
pooled, and the carcases examined separately. Table XII shows the result. 


Table XII. 



Controls 



After insulin 



Percentages 



Percentages 



Liver- 



Liver- 


Blood- 

glycogen 

Carcase - 

Blood- 

glvcogen 

Carcase - 

sugar 

(Av.) 

glycogen 

sugar 

(Av.) 

glycogen 

0104 


0-009 

0-103 


0*11 

0160 

015 

0091 

0-170 

0-08 

0-13 

0*106 


0-055 

0-160 


0-11 

— 


0-051 

0-101 


0*11 


Av. 

0-074 


Av 

. 0-12 


It will be seen that in this series the supply of glucose by injection has 
been adequate to prevent, in every case, a fall of the blood-sugar in the mice 
receiving insulin below the range observed in the controls. The muscles under 
these conditions show a gain of glycogen, small indeed, but with such regu¬ 
larity that it is probably significant. In the pooled livers, on the other hand, 
in spite of the maintained blood-sugar, the glycogen has fallen to a value 
corresponding to an average content of about one-half that in the controls, 
although the latter is itself already remarkably low. 

Experiments on young rabbits with adrenaline . 

In certain of his experiments on rabbits Goldblatt gave insulin and 
adrenaline. He evidently assumed that adrenaline by itself would lessen the 
glycogen in the liver, and that storage under the combined action, such as he 
observed, furnished evidence of the prepotency of insulin, keeping glycogen 
in the liver in spite of the stimulus of adrenaline to its discharge. 

Earlier evidence had, indeed, given us clear warrant for the assumption 
that the action of adrenaline with regard to liver-glycogen is simply to promote 
its discharge as glucose, whether in the rabbit or other species. There was a 
body of evidence in favour of its promoting, under suitable conditions, a new 
formation of carbohydrate in the liver, as well as discharge of what was 
already stored; so that the balance of aflect, whether gain or loss of glycogen, 
might differ according to the depleted or loaded state of the cells when the 
adrenaline was given. 

Goldblatt’s results with insulin on rabbits, however, which my own have 
closely confirmed, were so unlike those obtained on other species, either by 
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myself or by other observers, as by Cori and Cori on rats, that it seemed 
desirable to make a few direct observations on the effects of adrenaline on 
the glycogen distribution in young rabbits, under the conditions of Goldblatt’s 
and my own experiments with insulin. 

Exp. Four young rabbits of the same litter, weeks old, were kept 
without food for 24 hours. Two were kept as controls, and the other two each 
received 0*75 mg. of adrenaline, given as three hypodermic injections of 
0*25 mg. each at intervals of 20 minutes. Two hours after the first injection 
the animals were killed, and the liver and samples of the musculature worked 
up as usual. Table XIII shows that the well-marked hyperglycaemia was 
accompanied by loss of glycogen from the liver, and also, though in smaller 
degree, from the muscles. 

Table XIII. 

Controls After adrenaline 


Wt. of 
rabbit 


Percentages 

. -K 


Wt. of 
rabbit 


Percentages 

. . a 


r 

Liver- 

Muscle- 

Blood- 

r" 

Liver- 

Muscle - 

Blood- 

g* 

glycogen 

glycogen 

glucose 

g- 

glyeogen 

glycogen 

glucose 

1066 

0-36 

0-21 

0162 

1058 

0*03 

0*11 

0-268 

1061 

0-51 

013 

0-148 

1021 

0-02 

0*06 

0-320 


Rabbits treated with such a relatively large dose of adrenaline are, of 
course, losing carbohydrate from the system through glycosuria. In Cori and 
Cori’s experiments on rats, the doses of adrenaline 'which caused increase of 
liver-glycogen were such as produced no conspicuous hyperglycaemia. An 
attempt was made to produce similar conditions in young rabbits. 

Exp . Two series were taken, 8 from 1 litter and 6 from another, 4 and 3 
being kept as controls. The treatment of the others 'was exactly the same as 
in the former experiment, with the exception that the 4 larger rabbits of the 
first series received 0-15 to 0*17 mg. adrenaline each, and the 3 smaller ones 
of the second series received 0*1 mg. each. Table XIV shows the combined 


Wt. of 
rabbit 


Controls 

Percentages 

A 


Table XIV. 

Wt. of 
rabbit 

After adrenaline 
Percentages 

Adrenaline 

dose 

f 1 r 

Liver- 

Muscle- 

Blood- 

r 

Liver- 

Muscle- 

Blood- 

g* 

glycogen glycogen 

glucose 

g. glycogen 

glycogen 

glucose 

mg. 

1020 

0*46 

— 

0-136 

1015 

1*87 

.— 

0-168 

0-17 

686 

0-46 

0-55 

0*141 

164 

0-92 

0-36 

0-215 

0-15 

576 

0*46 

0-44 

0-145 

798(1) 

0-46 

0-22 

0-252 

0*10 

722 

(Lo#t) 

0*40 

0*138 

886 

1-60 

0-19 

0-165 

0-17 

600 

0-10 

0-46 

0-148 

492 

1-94 

0-16 

0-163 

0-10 

636 

0*13 

0-40 

0-120 

509 (2) 

0-61 

0-20 

0-148 

0-10 

496 

0-10 

0*34 

— • 

558 

1-40 

0-13 

0-163 

0*10 


Ay. 0,28 0*43 Av. 1*26 0-21 

It will be seen that in every case except one, which is marked (I) in the 
table, the liver-glycogen is definitely higher than in any of the controls. In 
this instance it will be seen that the blood-glucose is raised to the level of a 
definite hyperglycaemia, only slightly below the range of those in Table XII. 
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In another instance, marked (2) in the table, the increase of liver-glycogen is 
relatively small in relation to the highest value of all the controls, but it is 
still some 5 or 6 times as abundant as in the controls of its own small group. 
In this case the blood-sugar is hardly above the normal range, and imperfect 
absorption of the injected adrenaline may, perhaps, be suspected. Even when 
these cases are included, the average liver-glycogen content of the 7 rabbits 
treated with adrenaline is 4 or 4 5 times as great as that in 6 available 
controls. The increase is almost as striking as that recorded by Goldblatt, 
and by myself, with insulin. The muscle-glycogen in the treated rabbits is 
again reduced to about one-half that in the controls. 

Discussion. 

If we look at the results here recorded as a whole, it is obvious that they 
cannot easily be interpreted on Goldblatt’s supposition that inhibition of the 
discharge of glycogen from the liver is the primary and essential effect of 
insulin, to which all others are secondary. They show that the effect on which 
he based this suggestion, namely the increase of glycogen in the liver of the 
young rabbit, is an unusual rather than a constant and typical effect of insulin 
on the normal animal. In none of the other species here under experiment 
have I succeeded in detecting it at all: in the mouse, in which the most 
systematic effort was made to discover it as a temporary phase, I failed, even 
when sufficient glucose was given to prevent a fall of blood-sugar. 

A comparison of the results of Tables I and XIV might suggest another 
possibility. Results immediately similar to those in Table XIV were obtained 
by the Coris in young rats also, with small doses of adrenaline; but in rats 
and in the species other than rabbits here examined insulin has been shown 
to produce a shift of the glycogen balance in the other direction, the muscles 
gaining and the liver losing glycogen. Is it possible, then, that the glycogen 
changes seen in the rabbit are due not to insulin at all, but to adrenaline 
secondarily secreted in response to it? There are many facts which forbid 
the assumption of so complete a paradox. Adrenaline, given in such a dose 
that we can safely regard it as acting in substantial excess, causes not storage 
but discharge of glycogen from the liver (cf. Table XIII). In an animal 
without a pancreas, and therefore without insulin, glycogen disappears from 
the liver, to be stored again when insulin is given. 

These anomalies and apparent contradictions are familiar to anyone who 
has followed the investigations w r hich, during the past 8 years, have been 
stimulated by the discovery of insulin. With the evidence before us of the 
readiness with which secretion of insulin is provoked by a rise and adrenaline 
by a fall of the blood-sugar, we may well hesitate before too confidently 
attributing the effects on glycogen distribution, following the injection of 
either of these hormones into a normal animal of any species, to the uncom¬ 
plicated action of the one injected. To obtain a safe basis, however, for even 
a speculative estimate of the respective parts played by the two hormones 
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in the production of any particular result, we must turn to the evidence 
provided by experiments of a kind enabling the action of each to be studied 
in isolation. For the effects on muscle-glycogen such evidence is relatively 
complete, and simple in its significance. Insulin by itself causes increase of 
the muscle-glycogen at the expense of circulating glucose [Best, Dale, Hoet 
and Marks, 1926]. Adrenaline by itself, as suggested by experiments of Cori 
and Cori on rats, and confirmed in experiments on the eviscerated spinal cat 
by Marks and myself, which are being separately published, causes discharge 
of glycogen from the muscle, but not as glucose. Accordingly, when injection 
of insulin causes hypoglycaemia accompanied by increase of muscle-glycogen, 
we may reasonably conclude that insulin itself is the predominant agent; 
when insulin hypoglycaemia, in the absence of convulsions, is accompanied 
by loss of muscle-glycogen, as in the young rabbit, we may reasonably suspect 
that secretion of adrenaline has caused glycogen to be discharged from the 
muscles faster than it is stored under the action of insulin. 

The evidence as to the action of insulin and of adrenaline separately on 
the liver is not so easy to interpret. The restoration of glycogen to the diabetic 
liver by insulin naturally aroused the expectation that such an effect would 
be demonstrable on the isolated liver with artificial perfusion. With insulin 
alone attempts to detect this action have uniformly failed. It may properly 
be suggested that the maintenance of a physiological condition under artificial 
perfusion is peculiarly difficult in the case of the liver cells. This, however, 
will hardly account for the fact that a slow increase in the glycogen of a 
perfused liver may be retarded or converted into a decrease, but never 
accelerated, by addition of insulin to the blood [Bodo and Marks, 1928], On 
the other hand, it is a matter of common experience that adrenaline accelerates 
the discharge of glycogen as glucose from a perfused liver. If the facts are 
valid, they seem to lead to the difficult conclusion that both insulin and 
adrenaline cause disappearance of glycogen from the liver, and that neither 
promotes its storage. There are, however, certain observations on record 
which, though they need critical repetition and extension, are at least sug¬ 
gestive. 

v. Issekutz [1924, 1927] detected no direct action of insulin alone on the 
3pate of breakdown of glycogen into sugar in the perfused livers of frogs and 
rabbits. Certain of his experiments, however, suggest an antagonism of 
insulin to the mobilising effect of adrenaline on liver-glycogen, and some even 
f appear to show that, when insulin alone has failed to affect the output of 
glucose, adrenaline in addition may retard it. Cori and Cori have interpreted 
the storage of glycogen in the liver of the normal rat, following the injection 
of small doses of adrenaline, with concurrent loss from the muscles, as due 
to passage $f lactic acid from the muscles, and its resynthesis to glycogen in 
the liver; bttt it is at least open to doubt whether this gain by the liver would 
occur in the absence of the pancreas. We are entitled, then, to consider the 
possibility that ? when either insulin or adrenaline acts alone, or in great 
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excess, it causes a diminution of liver-glycogen—either by increasing the rate 
of discharge in relation to that of new formation, as we can reasonably assume 
in the case of adrenaline, or by depressing the rate of new formation in relation 
to that of discharge, which is compatible with what is known of the action 
of insulin—but that some kind of balanced action of both is needed for the 
normal storage of glycogen in the liver. Such a view would certainly meet 
the case of the diabetic animal, where the liver, emptied of its glycogen, in 
spite of extravagant gluconeogenesis, under the unbalanced action of adre¬ 
naline 1 , regains its normal store and rate of production when insulin is given 
in the dosage needed to restore the balance. In the normal young rabbit, 
again, we have found reason, from the effect of an insulin injection on the 
muscle-glycogen, to suspect that the action of insulin itself is complicated, 
to a greater extent than in other animals, by that of adrenaline secreted in 
response to it; and it is in this species alone, of those here examined, that 
storage of liver-glycogen has been found to follow injection of insulin. It 
may be doubted ^whether the w r hole of an effect following the injection of 
insulin into any normal animal can safely be attributed to insulin alone; but 
the storage of glycogen in the rabbit’s liver seems to be more clearly under 
suspicion of secondary complication than most. The possibility that yet other 
hormones than adrenaline may play a part in effects following an injection 
of insulin must be kept in view, but there are no experimental data for its 
discussion. 

Summary. 

1. The accumulation of glycogen in the liver of the young, fasting rabbit 
as the result of injecting insulin, described by Goldblatt, is confirmed. 

. 2. Under such conditions the musculature loses at least as much glycogen 
as the liver gains. 

3. Similar effects have not been observed in other species. Insulin causes 
no deposition of glycogen in the liver of the fasting chicken, but prevents its 
deposition there as the result of giving glucose, while causing its deposition 
in the muscles. In the ferret it causes formation of glycogen in the muscles 
and has little effect on that in the liver. In the mouse it causes rapid discharge 
of glycogen from the liver; when glucose is also given, glycogen is deposited 
in the muscles, but still disappears from the liver. 

4. Injections of adrenaline too small to cause glycosuria produce, in the 
young, fasting rabbit, a change in glycogen distribution closely similar to that 
following injections of insulin. 

5. It is argued that the effects of insulin on the normal animal are com¬ 
plicated by effects of adrenaline secreted in response to its action, especially 
in the rabbit. 

It is a pleasure to express my gratitude to Dr Dale for his constant interest 
and criticism during the investigation. 

1 The term “adrenaline” is used for convenience, to include also possible similar actions by 
sympathetic nerves to the liver. 
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LXXXVIII. THE COMPARATIVE RATES OF AB¬ 
SORPTION OF SUGARS FROM THE 
HUMAN INTESTINE. 

By ROBERT ALEXANDER McCANCE 1 and KATE MADDERS. 

From the Biochemical Laboratory , King's College Hospital , London , S.E. 5. 

{Received May 5th , 7930.) 

Hopfe-Seyler [1881] and Heidenhein [1894] first drew attention to the fact 
that simple physical laws could not explain the absorptive phenomena in the 
intestine. Hober [1899] compared the rates of absorption of several sugars 
and salts and found that dogs absorbed galactose slightly faster than glucose. 
Hedon [1900] compared the rates of absorption of glucose, fructose, galactose 
and arabinose from a loop of rabbit’s gut. He found that from a 25 % solution 
arabinose was absorbed most quickly and then in order galactose, glucose 
and fructose. From isotonic solutions glucose was absorbed most rapidly. 
Working with “ Vella” fistulae on a series of four dogs Nagano [1902] found 
that the monoses showed characteristic relative rates of absorption. Galactose 
was most rapidly absorbed and then in order glucose, fructose, mannose, 
xylose and arabinose. Solutions over 10% were not used. Hewitt [1924] 
compared the rates of absorption of dilute solutions of glucose, fructose and 
galactose from loops of gut. In rabbits no very conclusive results were ob¬ 
tained, but in cats glucose was absorbed much more rapidly than fructose, 
while galactose occupied an intermediate position. All were absorbed at equal 
rates after killing the intestinal mucosa by hot liquids or sodium fluoride. 
Cori [1925], using standard rats, administered by stomach-tube a strong 
solution of the sugar to be tested and subsequently killed the animals after 
varying intervals, and the sugar still left in the whole of the alimentary tract 
was estimated. This method was an improvement on the older ones in that 
intact animals could be employed. Large numbers of rats moreover could be 
used and the results averaged. Cori placed the sugars in the same order as 
Nagano and found their relative rates (glucose = 100) to be: galactose 110, 
glucose 100, fructose 43, mannose 19, xylose 15, and arabinose 9. Macleod 
[1929] has recently criticised one or two points in Cori’s technique, and Magee 
and Macleod [1929] have determined the rates of diffusion of sugars through 
isolated oxygenated loops of rabbits’ intestine. No more definite conclusions 
were drawn than that hexoses were absorbed more rapidly than pentoses. 


* Working with a part-time grant from the Medical Research Council. 
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Clearly none of the methods so far described is applicable to man, but we 
have devised a method by which the rates of absorption of rhamnose, arabinose 
and xylose have been compared. These three sugars are all excreted readily 
by the kidney and are only comparatively slowly destroyed in the tissues. 
We have therefore compared the rate and amount of each sugar excreted 
(a) when injected intravenously, (b) when taken by the mouth. 

The sugars used were naturally occurring ones and were obtained from 
The British Drug Houses, Ltd. The xylose and arabinose each contained 0*2 % 
ash and 0*2 % moisture and were at least 98 % pure. The rhamnose contained 
03 % ash and 15*8 % moisture which was allowed for in making the weighings. 
Dried, it melted at 121-125°. The estimations were all carried out by McCance’s 
methods [1926, 1929]. Three normal adult men have been the subjects, 
H. age 23, wt. 64*5 kg.; H.L.S. age 25, wt. 57*2 kg.; R.A.M. age 30, wt. 66 kg. 
The procedure on each has been identical. 



Pig. 1. Each point is plotted in the centre of the period during which that particular 
specimen of urine was secreted. It indicates in mg. per min. and cc. per min. the 
average rate of excretion of arabinose or water over that period of time. 

Experimental. 

The effect of diuresis upon excretion. 

Our experiments early established the fact that a moderate diuresis made 
little or no difference to the rate or amount of the sugar excreted. Fig. 1 
illustrates this by comparing the rates of excretion of water and arabinose by 
subject H. The pentose was injected. Assuming the pentoses to be non¬ 
threshold bodies and that they are filtered off in the glomeruli we take this 
to mean that a diuresis of this degree does not involve the opening up of fresh 
glomerulo-tubular units to the circulating blood, but merely re-absorption of 
less water in the tubules [Rehberg, 1926], Sometimes with small frequent 
samples of urine we have observed an increased output of sugar to accompany 
a small increase in urinary volume. This we have only observed when the 




ABSORPTION OF SUGARS FROM INTESTINE 797 

rate of excretion was falling, and we regard it as being technical in origin. 
It is not always easy to empty the bladder completely at short intervals and 
a small amount of urine left behind would be voided with the next specimen 
and explain the experimental finding. 

Injection experiments . 

5 g. of the sugar to be tested were dissolved in 15 cc. of distilled water 
and sterilised at 100°. The whole of this solution was then injected slowly into 
the antecubital vein, the time taken for the actual injection being 4 mins. 
Zero time for the experiment was taken to be 2 mins, after the injection had 
begun. No tourniquet was applied. The bladder was emptied just before the 



injection and again every 15 mins, for 1| hours: later at extending intervals 
up to 7 or 8 hours when the experiment terminated. These experiments always 
began at about 10 a.m. and the subject had had a light breakfast. Small 
amounts of water were drunk at intervals. A moderate lunch of cheese and 
bread was taken about 1.30 p.m. at which water only was drunk. Fig. 2 
(upper half) shows the detailed results from one subject (R.A.M.). The excre¬ 
tion curves of rhamnose and arabinose are almost identical. The rate is slower 
and the amount of xylose excreted less than that of the other two, but the 
shape Of the curve is the same. In the case of subject H. the excretion curves 
of all three sugars were superimposable and are reproduced in Fig. 3. Differ¬ 
ences in the rate and amounts of excretion (as in the case of xylose above) 
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are presumably due to differences in the rate of utilisation by the tissues 
(see later). 

There is no evidence that pentoses are stored as such in the animal body, 
and therefore these injected sugars can only be destroyed or excreted. The 
amount destroyed (or used) in any experiment can therefore be found by 
deducting the total amount excreted from the amount injected, i.e. 5 g. 

Ingestion experiments . 

Each subject took 5 g. of sugar by mouth and the excretion was again 
followed as before. After an overnight fast the subject emptied his bladder 
and drank 100 cc. water in which the sugar was dissolved. Urine was collected 
at the end of the first half hour and then for 1| hours at 15 minute intervals. 
Thereafter collections were made at longer intervals up to 7 or 8 hours. 
Small amounts of water were taken from time to time. Fig. 2 (lower half) 
shows the actual results obtained from one subject (R.A.M.). These curves 
should be compared with those obtained from the same subject after the 
sugars had been injected. The initial delay in excretion shown by all three 
sugars is not due to the temporary delay of the solution in the stomach as 
will be apparent later. It should be noted that, whereas xylose is here excreted 
in greater amount than either of the others, less was excreted on injection. 



Subject H, 5 g. injected intravenously. 

Fig. 3. 

Rhamnose is very poorly excreted when taken by the mouth, though 
readily after injection, which confirms injection experiments of Yoit [1897]. 
On the other hand the relative amounts of these three sugars excreted by 
our subjects do not correspond to those of Yon Jaksch [1899]. 

From these curves we obtain for each sugar the total amount excreted 
after ingestion. From the injection experiments we have obtained the charac¬ 
teristic ratio for each sugar. By applying it we obtain the 

amount vised in these ingestion experiments. The amount used -f the amount 
excreted = the amount absorbed. In this way we can calculate the amount 
of each sugar which has reached the tissues in the time of the experiment. 
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Results. 

By applying this method we have obtained the following results which 
may be put into tabular form. 


Table I. 


Injection experiments . 



Total amount excreted 
after injection of 5 g. 

__ 

Total amount used 

Ratio 

sugar used 
sugar excreted 


r 

Rham¬ 

Arabi¬ 


f 

Rham¬ 

Arabi¬ 

-^ 

Rham¬ 

Arabi¬ 

—\ 

Subject 

nose 

nose 

Xylose 

nose 

nose 

Xylose 

nose 

nose 

Xylose 

R.A.M. 

2-8 

2-65 

2 1 

2*2 

2*35 

2*9 

0*79 

0*9 

1-38 

H.L.S. 

2-3 

2-7 

2*3 

2*7 

2*3 

2*7 

1*17 

0*79 

1*17 

H. 

2-3 

2*2 

2*2 

2*7 

2*8 

2*8 

1*17 

1-27 

1-27 

Average 

2-5 

2-5 

2-2 

2-5 

25 

2*8 

1*0 

10 

1*27 


Ingestion experiments . 



Total excreted 


Total used 

-A. . , . 


Amount absorbed 

_ 


< - 



r 


'i 





Rham- 

Arabi- 


Rham- 

Arabi- 


Rham- 

Arabi- 



nose 

nose 

Xylose 

nose 

nose 

Xylose 

nose 

nose 

Xylose 

R.A.M. 

0*62 

1*6 

1*8 

0*49 

1*4 

2*5 

M 

3*0 

4*3 

H.L.S. 

0*40 

1*2 

1*65 

0*47 

0*95 

1*9 

0*87 

2* 15 

3-55 

H. 

0*82 

1*5 

2*2 

0*96 

1*9 

2*8 

1*78 

3*4 

5-0 

Average 

0*60 

1*4 

1*9 

0*6 

1*4 

2*4 

1*2 

2-8 

4-3 


The consistency of these results is very satisfactory. It will be noted that 
subject H. absorbed more of all the sugars than the others and H.L.S. less. 
R.A.M. absorbed intermediate amounts of each sugar. If the rate of ab¬ 
sorption of rhamnose is taken to be 1 the comparative rates become rhamnose: 
arabinose : xylose, 1 : 2*33 : 3*6. We may note in passing that the very small 
amounts of rhamnose absorbed explain the high coefficients of utilisation 
found by many of the pioneers on this subject [Lindeman and May, 1896], 


Experiments with rats . 

We decided to repeat some of Cori’s experiments on xylose and arabinose 
and extend them to rhamnose. The rats used were obtained from Vitamins, 
Ltd. and were all adult males of an inbred strain weighing between 230 and 
300 g. each. Four rats were used for each sugar in two lots of two each and 
the procedure was as follows. 2 g. sugar were dissolved in a small quantity 
of distilled water and the volume was made up to 5 cc. 3| ins. of a No. 3 
flexible rubber catheter was attached to the nozzle of a 2 cc. “ Record 
syringe and the whole was filled with sugar solution up to the 2 cc. mark. 
A rat was then lightly anaesthetised with ether, the catheter passed quickly 
into the stomach and 2 cc. discharged from the syringe. In this way each rat 
received 0*8 g. After 3 hours the rats were killed by coal gas and the whole 
alimentary canal was at once dissected out and placed in a beaker, covered with 
a little water and boiled. The intestines were then cut up into small fragments 
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with scissors and extracted repeatedly with boiling water. The washings were 
made up to 200 cc. and the sugar was estimated. The amount so found de¬ 
ducted from 0*8 g. gives the amount absorbed. 

Note . Both Cori and Macleod have considered the possibility that the 
intestinal flora may utilise the sugars sufficiently fast to invalidate this method 
of obtaining the amount of sugar absorbed. Cori’s controls show that the 
bacterial action is negligible. 


Table II. 


Comparative rates 
rhamnose = 1 




Amount absorbed (g.) 


Average 

^ -A— 

'V 

Man 

Sugar 

r 


— A - 

*> 

(g.) 

Rats 

Rhamnose 

0*04 

0-20 

0-07 

0*15 

0*12 

1 

1 

Arabinose 

0*23 

0-30 

0-23 

0-25 

0-25 

21 

2*33 

Xylose 

0*45 

0*47 

044 

0*40 

0*44 

3*67 

3*6 


The relative rates in man have been added to the table for comparison 
and it is unnecessary to emphasise the agreement. The relative rates of 
absorption of arabinose and xylose found by Cori, when reduced to our scale 
become 2*1 : 3*5, results almost identical with our own. 

There can be little doubt that the epithelium of the human intestine reacts 
to sugars in the same way as that of the rat. The relative rates of absorption 
of rhamnose, arabinose and xylose have been shown experimentally to be 
the same in both. We may assume with considerable confidence that the 
comparative rates of absorption of glucose, galactose and fructose found in 
rats will also hold in man. It is probable also that the same relative rates 
hold for the dog [Nagano, 1902], but our knowledge of this very fundamental 
relationship between sugars on the one hand and intestinal epithelium on 
the other is regrettably incomplete. The limited experiments on rabbits have 
not been consistent. We do no even know, therefore, whether this peculiar 
relationship holds throughout the mammalia, much less at what stage in 
evolutionary history it appeared. 


The kinetics of sugar absorption . 

1. So far we have dealt only with the total amounts of sugar excreted or 
absorbed. Fig. 4 now shows the varying rates of excretion of all three sugars 
following their ingestion by H.L.S. It is at once evident that the peak of 
excretion occurs about 1 hour after they have been swallowed, whatever the 
sugar taken and whatever percentage of that sugar is ultimately to be ex¬ 
creted. This we interpret to mean that these sugars are all absorbed best at 
the same level in the intestine and that this level is high up near the pylorus. 

2. The actual absorption curves. It is evident that the curves of excretion 
shown ii\ J?igs. 2 and 4 in no way resemble the actual curves of absorption. 
Sugar continues to be excreted long after it has ceased to be absorbed 
because the amounts temporarily stored in the fluids of the body are only 
slowly utilised or excreted. The fact that excretion is not yet quite finished 
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8 or 9 hours after 5 g. have been injected is proof of this. The curves of 
absorption can however be constructed from the following considerations. 
The amount absorbed up to any given moment is equal to the sum of: 

(1) the amount excreted up to that moment; 

(2) the amount used up to that moment; 

(3) the amount still in the “tissues” at that moment. 

The first is obtained by direct estimation. The second is obtained as follows. 
Assuming that the rate of excretion and the rate of destruction (or utilisa¬ 
tion) are both proportional to the amount in the body at any given time, then 
the ratio ~-^- r U8e< ?-. is a constant whatever the time. We have already 

sugar excreted 

made use of this ratio to calculate the total amount of each sugar used. It 
can be employed in the same way to calculate the amount used at any given 
time. The third, i.e. the amount in the tissues at any moment, is proportional 
to the rate of excretion at that moment and can be calculated from it. 



Fig. 4. Each point is plotted in the centre of the period during which that particular 
specimen of urine was secreted. It indicates in mg. per min. the average rate of 
excretion of sugar over that period of time. 



Fig. 5. 

The actual curves of absorption of subject R.A.M. are shown in Fig. 5, 
and should be contrasted with the curves of excretion of the same subject 
(Fig. 2, lower half). The exact determination of one of the points is given for 
Biochem. 1930 xxiv 
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the sake of clarity. The characteristic ratio for each sugar has 

been determined from the smoothed experimental curves and is for xylose 
1*38 and for arabinose and rhamnose 0*82. 

To calculate the amount of arabinose absorbed 1 hour after ingestion, 
proceed as follows: 

(1) The amount excreted up to 1 hr. (by direct estimation) =0-25 g. 

(2) The amount used up to 1 hr. =0-25 x 0*82 —0*19 g. 

(3) The amount in the tissues. 

The amount excreted between j hr. and 1 hi*, after ingestion =0*1 g. (by 
direct estimation); the amount similarly excreted between 1 and 1£ 
hrs. =0*09g. Assuming the rate of excretion to be constant for this 
half hour, the rate of excretion per hour at 1 hr. after ingestion=0-38 g. 

From the smoothed curve of excretion after injection this rate of excre¬ 
tion is found 2-05 hrs. from the start and at this time 1*95 g. have been 
excreted and therefore 1*95 x 0*82 = 1*6 have been used. 

Therefore 5 -(1*95 + 1*6)= the amount in the tissues corresponding to a 
0 rate of excretion of 0*38 g. = 1*45. 

Therefore the amount in the tissues 1 hr. after ingestion == 1 45 g. _ 

Total amount absorbed - 1 *905 g. 

Great accuracy cannot be expected from these curves. In the first place 
they are based upon the assumption that the sugars distribute themselves 
equally throughout the body as soon as they are absorbed. This cannot be 
strictly true, but they certainly leave the blood stream and diffuse into the 
organs with great rapidity, for after 5 g. have been injected intravenously 
the curve of excretion is smooth and regular from the start. There is no excess 
of excretion in the first 10 mins. No serious error therefore, is involved in this 
assumption. Secondly, the determination of rates in this manner is not strictly 
accurate, particularly over parts of the curve where the rate is changing fast, 
e.g. between | and | hour after ingestion. At the same time the samples of 
urine were collected over short periods (15 mins.), and the curves are extremely 
regular, so that there can be no doubt of the general truth of the results. 

It is striking that the absorption of all these sugars should proceed rapidly 
(at a linear rate) for about hours and then almost or entirely cease when 
large amounts of arabinose and rhamnose presumably still remain in the gut. 
It is clear that absorption must commence as soon as the sugar is ingested 
and—as has already been pointed out—the upper part of the small intestine 
* is the site of absorption. The lag in excretion is due to the time taken for the 
concentration in the tissues to rise. 

Cori found that the rate of absorption in rats proceeded at a linear rate 
for 3 hours if enough sugar was given [Cori, Cori and Goltz, 1929; Pierce, 
Osgood and Polanski, 1929]. This Cori appears to consider a function of the 
epithelium. Cori’s published results are very convincing and there can be 
little doubt that they are correct. Our own calculated absorption curves also 
show this tendency to a linear rate of absorption, at any rate at first, and it 
is to be recalled that we gave relatively very small amounts of sugar. 

We would attribute the steady linear rate of absorption in Cori’s cases 
Mnd in our own) not to a function of the epithelium, but to a slow steady 
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emptying of the stomach. With rhamnose in our subjects absorption ceased 
while four-fifths of what was taken still remained in the intestine, and a 
steady linear rate of absorption could only have been obtained by a slow 
steady supply of fresh sugar to the absorbing areas in the upper part of the 
small intestine. The sudden cessation of absorption at 1| hours in our experi¬ 
ments we take to mean that after this time the stomach was empty and no 
fresh sugar was being passed down the intestine. It is significant that there 
was always sugar left in the stomach of Cori’s rats. 

Note . By making certain assumptions it is possible to calculate the rate 
of filtration through the glomeruli directly from the curves of sugar excretion 
following injection. Thus in Fig. 2 the rate of excretion after 2 hrs. = 0*38 g. 
per hr. Assuming this rate to be constant for 15 mins, this would lead to the 
excretion of - 0095 g. 

1*95 g. have been excreted at this time. Therefore, 1*95 x 0*82 have been 
used = 1*6 and so 5 — (1*95 -f 1*6) g. remain in the body — 1*45. Assuming 
the fluid content of the body to be 60 % of the weight, this subject contains 
about 40 litres, and assuming further the pentose not excreted to be uniformly 
distributed, the concentration of pentose in body fluids is 3*6 mg. per 100 cc., 
so that 2660 cc. must have been filtered off to give the 0*095 g. excreted, i.e. 
178 cc. per minute. 

Similar calculations from other curves give amounts of filtration varying 
between 100 and 170. The example given in detail is an exceptionally high one. 

It is perhaps not quite legitimate to assume that the pentose sugars dis¬ 
tribute themselves equally throughout the cells of the body, for Kozawa 
[1914] found that human red blood-corpuscles were impermeable to rhamnose 
although permeable to xylose and arabinose. Cori and Goltz [1925], however, 
have found that pentoses penetrate the tissues as readily and freely as hexoses, 
and the similarity of our excretion curves for the three sugars also indicates 
that this is true of the three pentoses. Accurate work on this subject would 
necessarily require estimations of pentose in the plasma. 

These figures for glomerular filtration agree with those obtained by Rehberg 
[1926], 

Summary. 

1. Rhamnose, arabinose and xylose are excreted equally readily when 
injected intravenously in man. Their curves of excretion are of identical shape 
and may all be superimposable. 

2. The relative rates of absorption of rhamnose, arabinose, and xylose 
are the same both in rats and men. If the rate of absorption of rhamnose — 1, 
those of arabinose and xylose are 2*33 and 3*6 respectively. 

3. These sugars are all absorbed at the same level in the intestine and this 
level is high up in the small intestine. Lower down little or no absorption 
takes place. 

51—2 
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4. In normal man absorption of these sugars proceeds rapidly and at a 
linear rate for 1| hours and then almost ceases, even when large excess still 
remains in the intestine. 

5. We may assume with reasonable confidence that the relative rates of 
absorption of glucose, galactose and fructose found in rats also hold in man, 
i.e . galactose is absorbed slightly faster than glucose, and the latter twice as 
fast as fructose. 

We wish to express our thanks to Mr J. B. S. Haldane for some very 
valuable criticism. 
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LXXXIX. STUDIES ON THE KINETICS OF 
HAEMOLYTIC SYSTEMS. 

IV. A FURTHER STUDY OF THE SERIES OF RYVOSH. 
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JAMES FRANKLIN YEAGER. 

From Washington Square College , New York University . 

(Received May 6th , 1930.) 

The second paper of this series [Ponder, 1927] was concerned with an investi¬ 
gation, by quantitative methods outlined in the first paper of the series 
[Ponder, 1926], of the statement that the order of resistance of the red cells of 
various animals to saponin is the reverse of the order of resistance to hypotonic 
saline. The result of the study was to confirm the conclusion of Ryvosh [1907] 
that the following series holds for hypotonic saline, the most resistant species 
occurring first: man, guinea-pig, rat, rabbit, dog, pig, cat, ox, goat, sheep, and 
that the order of resistance to saponin is nearly the reverse. The same results 
have been more recently obtained by one of us [Yeager, 1928] and the facts 
thus seem to have been placed beyond question. 

The explanation of the facts, however, is a very much more difficult matter. 
To make this clear, we shall tabulate the various suggestions which have been 
advanced. 

(i) The resistance of red cells to saponin is stated to be determined by the 
quantity of cholesterol contained in them, and the lytic action of saponin to 
be due to its power of combining with this substance ([Yagi, 1911] and others). 

(ii) Port [1922] has suggested that the phosphoric acid content of the cell 
is the essential factor in determining the resistance, a statement which is 
accepted by Orahovats [1926] and borne out by the recent analyses of Kay 
[1928]. 

(iii) Brinkman’s theory regarding the resistance of cells to lysis by hypo¬ 
tonic saline implies that the resistance becomes greater as the cholesterol/leci¬ 
thin ratio becomes greater [Brinkman, 1920], from which we may deduce that 
the resistance to saponin haemolysis becomes greater as this ratio decreases. 
This statement is incompatible with (i). Further, the conclusion of Meyer [ 1908] 
that red cells are the more resistant to saponin the higher the cholesterol/leci¬ 
thin ratio, directly contradicts Brinkman’s explanation. 

(iv) In the second paper of this series we have suggested that saponin 
reacts with the cell proteins, and that the high negative correlation between 
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phosphoric acid content and resistance to saponin is due to there being a 
correlation of + 0*79 between resistance and protein content (Abderhalden’s 
figures [1895], not particularly reliable in this connection), and one of — 0*75 
between phosphoric acid content and protein content. 

(v) The resistance of red cells to digitonin haemolysis is stated to be 
parallel to the cholesterol content of the cell [Fabre and Simonnet, 1926], This 
statement corresponds to (i), made for saponin. 

(vi) Kofler and L&z&r [1927] have shown that the order of resistance of 
various cells to saponin is by no means the same as the order to digitonin and 
tb other lysins. A new series, in fact, arises with each lysin. This is certainly 
true so far as the bacterial haemolysins are concerned [Ponder and McLachlan, 
1927], and*one of us [Yeager, 1928] has shown that the resistance series for 
sodium taurocholate is quite different from that for saponin. 

The difficulty associated with any of these suggestions as to the cell com¬ 
ponent with which the lysins combine is due to the obvious fact that if (vi) is 
correct, no one of the above suggestions can be used to explain the action of 
more than one haemolysin. For example, if (vi) is true, either (i) or (v), or 
both, must be wrong, for it is impossible for the action of two lysins to be 
determined by the quantity of the same component and yet for the two lysins 
to be uncorrelated with each other with respect to their activities. Similarly, 
if we explain the action of saponin in terms of (ii), and if (vi) be correct, the 
same explanation cannot be used to account for the action of the related lysin 
digitonin, or of any other lysin which gives rise to a resistance series other 
than that obtained with saponin. 

The extension of the Ryvosh series. 

The following table shows the resistances of the washed red cells of various 
mammals to saponin and to hypotonic saline. The measurements of resistance 
were carried out exactly as described in the second paper of this series, and 
might properly be added to Table I of that paper, as the suspensions contained 
the cells from an equal volume of blood. 


Table I. 


Animal Saponin E Saline % 


Marmoset ... 

0*57 

0*40 

Baboon 

0 59 

0*18 

Lemur 

0*64 

0*42 

Squirrel 

0*90 

0*27 

Green monkey 

0*90 

0*43 

Man. 

1*00 

0*32 

Opossum 

M0 

0*35 

Spider monkey 

1*24 

0*28 

Sapaiou „ 
Elephant 

1*42 

1*5 

0*38 

0*28 


Animal Saponin R Saline % 


Macaque ... 

1*55 

0*22 

Chimpanzee 

1*70 

0*28 

Armadillo 

2*10 

0*31 

Racoon ... 

3*0 

0*32 

Kangaroo 

Skunk 

3*5 

3*7 

0*32 

0*39 

Wallaby ... 

4*2 

0*38 

Black buck 

6*0 

0*46 

Buffalo ... 

70 

0*42 

Elk 

8*0 

0*42 


As can be seen from a mere inspection of the figures, there is no obvious 
relation between the resistance to saponin and the resistance to hypotonic 
saline. The coefficient of correlation, in fact, is — 0*50, and that of rank corre- 
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lation even lower, about — 0-3 1 . It thus appears that the conclusions of 
Kyvosh cannot be extended to the red cells of the mammalia in general, 
although they are correct for the animals included in the original series. We 
must consider how this can come about. 

The essential point is that the ordinary theory of correlation applies only 
where large numbers are concerned and where random sampling is approached. 
Suppose, for the sake of argument, that the red cells of the various mammals 
are tabulated with respect to their resistance to saponin and to hypotonic 
saline, and that there is zero correlation between these two attributes, we shall, 
nevertheless, by a judicious choice of animals, be able to pick a small series 
which shows a high positive (or negative) correlation between the resistances 
referred to. For instance, from the 29 animals included in the above table and 
Table I of the previous paper, we can select the following series for resistance 
to saponin and to hypotonic saline respectively (least resistance first). 

Hypotonic saline: sheep, goat, ox, cat, pig, dog, rabbit, rat, guinea-pig, 
man. 

Saponin: rabbit, rat, man, guinea-pig, dog, pig, cat, goat, ox, sheep. 

The rank correlation shown here is — 0-88 ± 0-071. Or we may select the 
following series (least resistance first). 

Hypotonic saline: green monkey, lemur, marmoset, sapajou, racoon, man, 
armadillo, elephant, macaque. 

Saponin: marmoset, lemur, green monkey, man, sapajou, elephant, 
macaque, armadillo, racoon. 

The rank correlation shown here is -f 0*70 ± 0-17, a result almost exactly 
opposite to that of the first series. 

These two coefficients are different in sign, and both cannot possibly 
indicate the true state of affairs in the population they purport to describe; 
so it must, therefore, be possible for either to arise by chance from the particular 
population under consideration. The question is whether we can assess the 
chance. Where small numbers are concerned, there is no way of estimating 
the chance of a high correlation coefficient, positive or negative, arising from 
a large population showing zero correlation, for the usual tests, in which we 
compute the number of times the standard error is exceeded, fail altogether 
in cases such as this, where the true standard error of the coefficients is un¬ 
known. The standard errors of ± 9*07 and ±0*17, attached to the correlation 
coefficients above, are, in fact, quite misleading, for they are calculated on 
the erroneous assumption that the numbers are large; if they were correct, the 
chances of the two coefficients arising by chance from a population showing 

1 Calculation of coefficients of correlation, real or rank, from such a small number of cases as 
those dealt with in this paper is, of course, unsound statistical practice, and the coefficients have 
very little meaning* They are useful, nevertheless, for expressing a relation between two attributes, 
when the relation is not evident by simple inspection. As describing such a relation, even with small 
numbers, such coefficients are quite satisfactory: the danger in their use arises from the fact that 
we cannot assume them to be efficient statistics for a population including any cases additional to 
those from which they were obtained. 
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zero correlation would be one in millions. The very fact that, out of a series of 
29 animals, two such coefficients can be selected, shows that no significance 
can be attached to either as describing the true state of affairs in all the 
animals. 

The series of Ryvosh accordingly appears to constitute a special case, 
involving the animals which, for economic reasons, are usually used in labora¬ 
tories. This does not mean, of course, that there is actually zero correlation 
between resistance to saponin and resistance to hypotonic saline, for, were 
sufficiently extensive series examined, a significant negative correlation might 
still be found; on the existing evidence, however, we cannot say that such a 
correlation exists, and we may go even further and say that it is probable that 
it does not. 

The cell component determining resistance to saponin. 

The fact that the cells of different animals vary some twenty times in 
resistance to saponin has suggested to many investigators that it may be 
possible to show that the varying quantity of some one substance accounts for 
the variation in resistance. The substances which have been suggested are 
(i) cholesterol, (ii) phosphates, and (iii) lecithin together with cholesterol, i.e. 
the cholesterol/lecithin ratio. 

(i) The hypothesis that saponin produces lysis by combining with 
cholesterol rests upon several pieces of evidence: (a) that there is a high correla¬ 
tion between the cholesterol determinations of Abderhalden and resistance to 
saponin; ( b ) that digitonin, a substance allied to saponin, precipitates cholesterol 
quantitatively; (c) that Ransom [1901] and others have stated that the 
inhibitory action of serum on saponin haemolysis is due to the contained 
cholesterol uniting with the saponin and rendering it inert. We may place 
against these observations the following, (a) The analyses of Abderhalden give 
figures for total cholesterol, including esters which are not precipitated by 
saponin or digitonin, and are therefore rather misleading in this connection. 
(b) Kofler and Schrutka [1925] have measured the affinity of eleven kinds of 
saponin for cholesterol, and have shown that the combining power of saponin 
for this substance is by no means parallel to the lytic power, (c) Several 
observers have shown that the inhibitory action of serum on saponin haemo¬ 
lysis is due principally to its contained proteins [Ponder, 1923; Kennedy, 1925]. 

(ii) The hypothesis that saponin produces lysis by reacting with the phos¬ 
phates (or with phosphate-containing substances) Tests upon the fact that the 
coefficient of rank correlation between phosphoric acid content and resistance 
to saponin is very high (- 0*83, with Abderhalden’s figures, or - 0-92 with 
Kay's figures). The appearance of the negative sign, however, completely 
eliminates the possibility of the lysin reacting with the source of the phosphoric 
acid, or of using the phosphoric acid content as a guide to the mode of action 
of the lysin, for the following reason. The whole of recent work indicates that 
haemolysis by saponin can be treated quantitatively on the assumption that, 
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to produce lysis, a certain quantity of saponin, x, must be used up in combining 
with the cell membrane. The method of measuring resistance is such that the 
resistance of the cell increases as x increases, and hence as the substance 
attacked by the lysin increases. If the quantity of any substance in the cell 
membrane decreases as x increases, and if it is contended that the quantity 
of the substance determines lysis, the correlation coefficient has a negative 
sign; the meaning of the sign is that, whatever substance be attacked by the 
lysin, it is not this one. 

(iii) The conflicting statements regarding the cholesterol/lecithin ratio 
have already been remarked upon. 

The experiments hitherto done in this connection have generally failed to 
conform to one or all of three important conditions, (i) The usual methods for 
determining the resistance of cells to saponin really determine only the resistance 
of the most resistant cells, whereas chemical analyses determine the amount 
of substances contained in cells of average composition. Ideally, we should 
compare the content of the average cell with the resistance of the average cell 
population, (ii) The suspensions of the cells of various animals used in deter¬ 
mining resistance must all contain the same number of cells, for, if the number 
is not the same, comparison of the results becomes almost impossible 1 . The 
quantity of a given substance obtainable from this number of cells can, how¬ 
ever, easily be calculated from analyses on any known number of cells, (iii) It 
is important that resistance and chemical composition be determined for the 
cells of the same animal, and that analyses of the cells of one individual of the 
species shall not be compared with the resistance of the cells of another 
individual of the species, for the variation is great. It is not necessary, however, 
to employ large numbers of animals of the same species, for the resistance of 
the cells of one individual depends (by hypothesis) upon the amount of a given 
substance in its own cells, and certainly not, on any conceivable hypothesis, 
on the amount of the substance in the cells of other individuals. 

With these points in mind, we have carried out a series of experiments in 
the following way. A set of dilutions of quillia saponin in 0*85 % sodium 
chloride, from 1 in 1000 to 1 in 560,000, was made in the usual way and stored 
in a refrigerator, being removed only when actually to be used. Blood was 
obtained from the animal (sheep, ox, horse, man, dog, pig, rat, rabbit and 
guinea-pig), the cells washed three times in 0*85 % NaCl and then made up to 
the original volume of the blood from which they were obtained. This suspension 
was used for the estimation of the following substances: (a) cholesterol (method 
of Myers and Wardell), (6) inorganic phosphates (Benedict and Theis), (c) total 
acid-soluble phosphates (Fiske and Subbarow) and ( d) lecithin-phosphorus 
(Bloor, Benedict and Theis). The results were then reduced to quantities 
present per 0*5 x 10 6 cells/mm. 8 

1 The reason for this is that increasing the number of cells does not result in an equal increase 
in the quantity of saponin apparently used up. The increase in the latter figure is proportional to 
that in the former, but the proportionality constant is difficult to determine. 
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A small portion of the suspension was used for a cell count and a part of 
the suspension was afterwards diluted so as to give a suspension containing 
0*5 x 10 6 cells/mm. 8 , which is of a convenient strength for the determination 
of resistance to saponin. The resistances were determined by finding the 
quantity of lysin necessary to produce 50 % haemolysis after 7 hours at 25°. 
All the experiments performed were completed within 2 weeks, thereby 
ensuring that the activity of the lysin remained unchanged* 

The results may be described briefly as follows, (a) The coefficient of rank 
correlation between resistance to saponin and quantity of cholesterol is small 
and negative (— 0-6), and there is no evidence that the resistance increases 
with the quantity of contained free cholesterol. The results, in fact, lead to the 
same conclusions as those of Kofler and Schrutka. (6) The figures for total 
phosphates agree excellently with those of Kay. The correlation between the 
quantity of phosphates and resistance to saponin is again high but negative 
(—0*75). Although the quantity of contained total phosphates may be a 
satisfactory guide to the resistance of the cell, the negative sign precludes the 
possibility of the haemolytic reaction being dependent, except indirectly, on 
the quantity of phosphates, (c) The coefficient correlating inorganic phosphates 
and resistance is also high but negative (— 0-80). (d) The cholesterol/lecithin 
ratio is not significantly correlated with resistance to hypotonic saline and 
therefore cannot be correlated positively or negatively in a significant manner 
with resistance to saponin (+ 0*45 to saline, — 0-30 to saponin). The coefficients 
of rank correlation above given are, of course, of no absolute value, but will 
serve as an incomplete description of the relation between the two attributes 
concerned. 


The haemolytic activity of related lysins. 

The hypotheses hitherto discussed in this paper, i.e . those of Yagi, and 
Fabre and Simonnet regarding cholesterol, of Port regarding phosphates, and 
of Meyer and Brinkman regarding the cholesterol/lecithin ratio, have in com¬ 
mon the fundamental assumption that the total quantity of some substance 
contained in the red cell membrane determines the resistance to lysis—that is, 
the minimal quantity of lysin required for complete lysis. If we accept this 
idea, and also suppose that chemically related haemolysins act upon the same 
component, it then follows that the cells of a series of animals arranged in the 
order of their resistance to one of the lysins are also of necessity arranged in 
order of their resistance to all the other lysins. 

The only data on the subject of closely related lysins are those of Kofler 
and L&z&Ty and these agree with the result of observations on chemically un¬ 
related lysins in showing that quite different resistance series arise when 
different lysins are used. The animals in Kofler and L&z&r’s experiments were 
sheep, ox, horse, man, dog, pig, white rat, rabbit, and guinea-pig, and Table II 
shows the order of resistance to different lysins, the figure 1 indicating the 
greatest resistance. 
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Saponin 

Tabic II. 

Digitonin Smilacin 

Helleborein 

Senegin 

Gypsopliila 

saponin 

Sheep 

1 

9 

8 

3 

2 

1 

Ox 

2 

8 

9 

4 

5 

3 

Horse ... 

3 

4 

7 

7 

9 

2 

Man 

4 

3 

2 

5 

1 

5 

Dog 

5 

2 

5 

1 

7 

4 

Pig 

0 

7 

3 

2 

8 

7 

Rat 

7 

1 

1 

(i 

4 

9 

Rabbit ... 

8 

5 

4 

8 

a 

6 

Guinea-pig 

9 

6 

6 

9 

3 

8 

Coefficient of 
rank correlation 

- 0-34 

- 0*57 

-1- 0*52 

+ 0-7 

+ 0-88 


As can be seen from inspection of the figures, and as is indicated by the 
coefficients of rank correlation between the resistance to saponin and to each 
of the other lysins, there is no uniform order of resistance. 

In view of the importance of this conclusion, we have repeated the experi¬ 
ments using quillia saponin, digitonin and smilacin, and have determined the 
concentration required to produce 50 % haemolysis of a suspension containing 
05 x 10 6 cells/mm. 3 . The orders of increasing resistance are shown in Table III, 
bracketed animals having as nearly the same resistance as can be determined 
experimentally; to Table III is also added the resistance series obtained with 
sodium taurocholate [Yeager, 1928] and with the lysins produced by B . tetani 
and by B. histolytieus [Ponder and McLachlan, 1927]. 


Table III. 





Sodium 

Lysin of 

Lysin of B. 

Saponin 

Digitonin 

Smilacin 

taurocholate 

B. tetani 

histolytieus 

Rabbit 

Sheep ) 

Sheep 

Guinea-pig 

Rabbit 

Sheep 

Pig 

Rabbit) 

Horse 

Sheep 

Ox ) 

Ox 

Rat 

Ox 

Ox 

Dog 

Horse f 

Rabbit 

Man 

Man) 

Pig ) 

Rabbit 

Man ' 

Man 

Guinea-pig 

Pig 


Rat | 

Sheep 

Horse 


Cat ' 

Rabbit} 

Ox l 



Dog 

Rat 

Rat ]- 

Man | 



Horse 

Dog 1 

Cat ) 

Cat 



Cat 

Guinea-pig [ 

Guinea-pig 

Pig 



Sheep 


Man 




Ox 

Horse 






The results in the first three columns confirm the conclusion of K offer and 
L&zar, and show, as do the results in the last three columns, that the resistance 
series is different with each lysin. It should be observed that in the case of the 
first three lysins the order of resistance of the cells of the different animals is 
not identical with that found by those investigators; this is no doubt due to the 
fact that two samples of quillia saponin, smilacin and even of digitonin are often 
not entirely comparable 1 , owing to their uncertain composition, and the same 
remark might well apply to two preparations of the bacterial lysins. The failure 
to obtain the same resistance series as Kofler and L&z&r, however, leads to the 
conclusion that different orders are obtained not only with different lysins, but 
sometimes even with different samples of what is thought to be the same lvsin. 

1 Different specimens of digitonin, although stated to be chemically pure, have .for example, 
different effects on the heart. 
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Since there is conclusive evidence that the cells of animals arranged in 
order of their resistance to one lysin are not also arranged in order of their 
resistance to other lysins, it follows that the haemolytic action of different 
lysins cannot be determined simply by the varying quantities of a single cell 
component, e.g. we cannot imagine the action of quillia saponin, digitonin and 
helleborein to be determined by the quantity of free cholesterol, cholesterol 
ester, phosphate, or any other substance contained in the cell membrane. It 
should be particularly observed that the nature of the cell component whose 
quantity is imagined to determine the resistance is of no importance, for the 
same argument would apply whatever its nature and whatever the affinity of 
the haemolysin may be for the substance, since varying affinities would not 
change the order of resistance. 

If this conception is rejected, as it has to be, there remains the possibility 
that the resistance to a given haemolysin depends on the total quantity of a ceil 
component, but that for each lysin a different component must be postulated. 
This explanation, more particularly, demands that there shall be as many 
components as there are resistance series, and it is possible to imagine such 
a number only by postulating that such compounds as “protein” are really 
made up of numerous different proteins, each one of which reacts specifically 
with each one of the many lysins. Speculations in this direction are fruitless at 
the present time. 

The subject is much more profitably approached in the following way. In 
studies of the kinetics of haemolysis by simple haemolysins, the only postulate 
which has been found necessary is that the lysin acts on a cell component S 
and transforms a portion of it S x , sufficient to make permeability to haemo¬ 
globin complete 1 . The resistance is measured in terms of this quantity S x , or 
rather in terms of a quantity which is proportional to it, the quantity x of lysin 
used up in the process. This quantity x is directly obtainable from the figure 
for the smallest concentration (or the greatest dilution) required to produce a 
given amount of haemolysis, say 50 %, and, like the quantity S x , has no 
necessary or even probable relation to the total quantity of except that 8 X 
cannot be greater than S . 

It follows at once that there is no necessary or even probable relation 
between resistance and the total quantity of any cell component which may be 
mentioned. The suggestions of Port, Yagi, Meyer, Fabre and Simonnet, 
Brinkman and others really imply that S x always is equal to S , or is a simple 
function of S. The idea that such a relation exists is not only unsupported by 
evidence, but, as we have seen, leads to the conclusion that every haemolytic 
reaction is unique, in the sense that every lysin which presents a new resistance 
series must be imagined to act on a different substance. 

When a lysin acts on S and transforms S x of it, the new compound is 

1 In the discussion which follows, it should be noted that the hypothesis advanced differs from 
all others in assuming that all lysins attack only the one component S in any given type of cell; 
the nature of 3 f however, differs from one type of cell to another. 
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proportional in quantity to S l9 but its nature depends on (a) the nature of S x 
(which may be imagined to be a protein, different in different animals), and 
on ( b) the nature of the lysin concerned in the transformation. The new sub¬ 
stance $ 2 which has resulted from the action of the lysin on S 1 is now a com¬ 
ponent of the membrane, just as was previously, and the permeability of 
the membrane depends upon (a) the quantity of S 2 and (b) its nature. 

To make clear the results which follow from those considerations, let us 
imagine four cases, (a) When destruction of semi-permeability is produced, 
the compound formed when saponin acts on human cells may be 20 micro¬ 
grams in quantity, and its nature may be denoted by H-saponin, (b) the 
compound formed with ox cells may be 80 micrograms in quantity, and in 
nature O-saponin, (c) the compound formed with human cells and digitonin 
may be 80 micrograms in quantity and in nature H-digitonin and (d) the 
compound formed with ox cells and digitonin may be 20 micrograms in 
quantity, and in nature O-digitonin. Then the same result, i.e. destruction of 
semi-permeability is produced by 20 micrograms of H-saponin in human 
cells, but by 80 micrograms of H-digitonin in the same cells. This difference 
is easily understood when we remember that the compounds H-saponin an<f 
H-digitonin are different, and may, therefore, affect permeability to an unequal 
extent. But further, the same result is produced in ox cells by 80 micrograms 
of O-saponin and by 20 micrograms of O-digitonin. This difference is equally 
easily understood, for the two compounds are different. The figures for ox cells, 
furthermore, are not necessarily the same or in the same order as those for 
human cells, for not only is H not the same as O, but the human cell in which 
the compounds H-saponin and H-digitonin are formed is different in many 
other respects from the ox-cells, and the effect on permeability cannot, there¬ 
fore, be expected to be the same in the two cases, even for the same lysin. 
A fortiori , it cannot be expected to be the same for tw r o different lysins. 

In short, the condition demanded by the existence of different resistance 
series is that the resistance of any cell to any lysin, whether denoted as a figure 
in micrograms, or as a relative resistance /?, shall be a function both of the 
type of cell and of the nature of the lysin, i.e. R = /(cell, lysin). The hypothesis 
proposed above meets this condition, for it states that R -- / ($ 2 ) and S 2 = / 
(cell, lysin). On the other hand, a hypothesis which assumes that lysis is 
determined by the total quantity of some one cell component, e.g. cholesterol, 
if extended to cover more than one lysin, fails to meet the required condition 
because it assumes that R = / (fi^), the substance acted on, rather than/ ($) 2 , 
the substance formed as a result of the action, and, although S x is a function 
of the type of cell, it is not a function of the type of lysin. Furthermore, the 
hypothesis proposed above has the advantage that the kinetics of the haemo¬ 
lytic reaction postulated would be essentially similar for all lysins, as is in fact 
the case. 

Since the lytic effect is supposed to depend, by this hypothesis, upon the 
formation of a compound whose nature and effect vary with (a) the type of cell 
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protein and (6) the type of lysin, it is interesting to find (by calculation from 
Table III of Kofler and L&z&r’s paper) that the variation of resistance resulting 
from a variation in the lysin used is 3-4 times as great as that resulting from 
a variation in the type of cell. This is a result quite in accordance with 
expectation. 

Summary. 

1. The conclusion of Ryvosh that resistance to hypotonic saline varies 
inversely with resistance to saponin in the red cells of mammals, although 
substantiated for the animals included in the original series, does not appear 
to hold when the cells of other mammals are studied, and it is doubtful whether 
this inverse relation is in any way a general rule. 

2. Simultaneous chemical analyses and determinations of resistance to 
various lysins do not reveal any one substance whose total quantity can be 
said to determine the resistance of the cell. 

3. When the cells of various animals are arranged in order of their resistance 
to various lysins , a different order is found to be necessary for each lysin. This 
finding confirms the results of Kofler and L&zar, and, although inexplicable 
on the assumption that the resistance of the cell is determined by the quantity 
of some one substance in all cells, is completely in accordance with the theory 
upon which studies of the kinetics of the haemolytic reaction are based. 

\\ T e wish to acknowledge our indebtedness to the New York Zoological 
Society, and especially to Dr Charles Nohack of the New York Zoological 
Gardens, ior making it possible for us to obtain specimens of the blood of the 
various rare mammals mentioned in this paper. 
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The erythrocyte can be considered as a two-phase system, free water and 
dissolved salts occupying the continuous phase, while water bound with 
haemoglobin and lipoids constitutes the dispersed phase. The total water 
content of the cell has been shown by drying methods to he 70 % of the entire 
volume of the cell, hut it is of some importance, in studying the partition 
relations existing between corpuscles and plasma, to determine accurately the 
relative proportions of free and hound water to he found in the cell. “ Free 
water” may be defined as that proportion of the cell water that is osmotically 
transferable and “bound water” as that proportion that is not osmotically 
transferable under the same experimental conditions. It will be seen that free 
water is then approximately equivalent to the “dispersion medium ” of pre¬ 
vious investigators, and bound water is a part of the “dispersed phase ” 
(consisting of water bound with haemoglobin and lipoids). Two opposing 
conclusions have been reached by the method of determining changes in the 
volume of corpuscles in saline solutions of varying osmotic pressures after 
prolonged centrifuging. Gough [1924] finds that the free water occupies 
30-35 % the cell volume, while Ege [1927 ] finds a value of 00 % tor the free 
water. These results have been examined in the present investigation. 

Gough suspends washed sheep cells in saline solutions varying in strength 
from 0*0% to 4%, spins them in a water centrifuge [ca. 2bOOr.p.mO iot 
3 hours, and then measures the height of the deposit of sedimented cells in the 
haematocrite tubes. Plotting the strength of solution against the cell volume 
reached after centrifuging, Gough finds; (a) that the curve for increasing 
volume of free water abstracted with increased concentration of NaCl assumes 
an asymptotic form, indicating that the maximum amount of free water can 
be abstracted by solutions of 3 % NaCl, and ( b) that one must exclude a 
volume of two-thirds of the Ifulk of the corpuscle as not taking any part in the 
osmotic equilibrium. He thus obtains a value for the free water of 30-35 %, 
with the concentrations of NaCl he employs. 

Ege, using the same method, concludes that the free water occupies 60 % 
of the cell volume, and believes that the source of error in Gough's determina¬ 
tion is incomplete sedimentation of the corpuscles w r hen suspended in hyper- 
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tonic solutions. If the column of cells has not settled completely, owing to the 
presence of fluid in the interstices of the cells, the value for the diminished cell 
volume in hypertonic solutions does not represent the “true” volume, but a 
slightly higher value. This introduces a considerable error, according to Ege, 
in the amount of free water obtained from the cell 1 . Ege points out that centri¬ 
fuging must be continued until the column of corpuscles is perfectly sedimented, 
i.e. until there is no interstitial fluid. The corpuscles have then attained their 
“true” volume as manifested by the column of blood taking on the translucent 
“appearance of laked blood” throughout its entire extent (Koeppe's criterion 
[1905]). If complete sedimentation takes place, as evidenced by the appearance 
of Koeppe’s criterion, the value for the free water is found to be 60 % of the 
cell volume. 

In the following experiments the question of complete sedimentation was 
considered and attention fixed on determining the maximum quantity of water 
that can be expressed from the cells ( i.e . whether Gough’s curve actually 
reached an asymptote in the concentration of NaCl used by him). 

Exp. 3. Previous experimenters have used sheep cells freed from serum by 
washing three tithes in 0*85 % NaCl. These are then mixed thoroughly with 
equal volumes of NaCl solutions of varying concentrations and transferred to 
haematocrite tubes 10 cm. long. Similar preparations were made in this 
experiment, using NaCl solutions of from 3 to 20 %, and these were compared 
with preparations of whole unwashed blood (retaining the serum) mixed with 
equal quantities of the same NaCl solutions. The haematocrite tubes were spun 
in a high speed centrifuge (14,000 r.p.m.) for 10 minutes-1 hour. Constant 
volume was reached after about 12 minutes of spinning, but Koeppe’s criterion 
was never observed even when the spinning was continued for 2 hours. The 
control in all cases was either washed cells (or whole blood) mixed with an 
equal volume of plasma. The determination is made by measuring the height of 
the column of sedimented cells in plasma and expressing this as percentage 
volume of the entire length of the column of liquid in the haematocrite tube. 
This is compared with the height of the sedimented column in the various 
saline solutions used, and the difference between readings in plasma and 
hypertonic saline, expressed as a percentage of the reading in plasma, gives the 
volume of free water transferred from the cell. 

The average value for five experiments with washed cells gave 45 % free 
water, while the whole blood gave a value of 32 % for the free water. Similar 
discrepancies were noted for ox and rabbit cells, the cells washed in “ isotonic ” 
saline always giving higher values for the volume of free water. This would 
seem to be due to a factor hitherto neglected by previous investigators—that 
0*85 % NaCl is not “isotonic” for most mammalian cells, and that many so- 
called “isotonic” solutions change the volume of the corpuscles by permitting 

1 Gough’s estimation of the height of column of sedimented cells is much less sensitive to errors 
than Ege believes, and the difference between the results of the two investigators cannot be eat* 
plained in this Way. 
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an entrance of water 1 . In the following experiments, it was decided, as a 
consequence, to use only unwashed corpuscles, retaining the serum. 

Exp. 2. The effect of time of spinning on the volume of cells was studied in 
an endeavour to determine the significance of the appearance of Koeppe’s 
criterion. 


Percentage volume of cells after spinning in haematocrite. 


Time of spinning 

5 

10 

12 

14 

16 

20 

30 

1 

2 


mins. 

mins. 

mins. 

mins. 

mins. 

mins. 

mins. 

hr. 

hrs. 




Cells in 3 % NaCl. 





Ox . 

9*6 

9*2 

9*2 

9*2 

9 2 

9*2 

9*2 

9*1 

9*1 

Sheep. 

15*4 

15*1 

15*0 

15*0 

150 

15*0 

14*9 

14*9 

14*8 

Rabbit ... 

12 3 

11*8 

118 

118 

118 

11-8 

11*8 

11*6 

11*6 

Human... 

14-3 

13 8 

13-8 

13*8 

13*8 

13*8 

13*8 

132 

13*2 




Cells in 8 % 

NaCl. 





Ox 

8*5 

8*2 

8*2 

8*2 

8*2 

8*2 

_ 

_ 

_ 

Sheep ... 

14*3 

13*9 

13*9 

13*9 

13*9 

__ 

_ 

_ 

— 

Rabbit ... 

12*3 

11*7 

11-7 

11*7 

11*6 

116 

_ 


— 

Human... 

15*6 

14*2 

14*2 

— 

— 

— 

— 

— 

— 


Constant volume was reached in some 10-12 minutes and prolonged 
centrifuging gave no appreciable decrease in cell volume. In no case did 
Koeppe’s criterion appear 2 , even with prolonged centrifuging with these 
hypertonic solutions. It would seem reasonable to expect its appearance after 
prolonged centrifuging at such high speed, according to Ege’s results, but it 
was never observed, except under circumstances which will be explained later. 
It is important to observe the blank spaces in the table. These denote that cells 
in 8 % NaCl haemolysed after prolonged spinning, thus obscuring the readings, 
since the disintegrated cells were spread throughout the haematocrite tube and 
left no clear column of sedimented cells to be used as a basis for estimating 
cell volume. 

Exp . 3. To determine the maximum quantity of water that can be expressed 
osmotically from the corpuscles, the cells were placed in concentrated saline 
solutions and spun until constant volume was reached. In many cases haemo¬ 
lysis took place and the cell volume could not be accurately measured on that 
account. 


Tonicity 3 % NaCi 0 % 8 % 12 % 20 % 

Volume of free water osmotically transferred. 


Sheep 

32*1 

32*8 

33*0 

33 0 

33*0 

Rabbit 

30*4 

31*2 

31*3 

31*3 

31*3 

Human 

31*3 

33*1 

33*2 

33*2 

33*2 


According to theory, the amount of water leaving the cell varies with the 
concentration of the surrounding hypertonic fluid. Since we get no significant 
increase in the amount of water leaving the cell ( i.e . since we have apparently 
reached the asymptote on Gough’s curve relating cell volume to strength of 

1 Unpublished data of Ponder and Saslow demonstrate these points quantitatively. 

* It has been shown by experiments of Ponder and Saslow (now in press) that Koeppe’s criterion 
is not coincident with the volume as determined by more accurate means such as the colorimetric 
method. 
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NaCl solution used) even with such strong solutions, we may conclude that the 
maximum quantity of free water has been transferred from the cell. In addi¬ 
tion, it can easily be calculated that if the interior of the cell is assumed to 
consist of 100 unit volumes of a 1 % solution and if the surrounding fluid is 
a 4 % solution, sixty unit volumes of water would have to pass from the cell 
to the surrounding medium for osmotic equilibrium to be reached. If, then, 
we obtain less than this quantity even with more strongly hypertonic solutions, 
the reason is not that we cannot obtain any more water from the cell, but rather 
that there is no more water free to leave the cell. Solutions of KC1, sucrose and 
glucose were also used as suspension media but were not as successful in 
extracting the free water from the cells as were solutions of NaCl in similar 
concentrations. The experiments on sheep, ox, rabbit and human corpuscles 
accordingly confirmed Gough’s conclusion that the free water occupies 30-35 % 
of the cell volume, provided haemolysis did not occur. 

The appearance of haemolysis in suspensions in contact with strongly 
hypertonic solutions or subjected to prolonged spinning in the haematocrite 
complicated the experiments, but suggested the possible source of Ege’s high 
value for the free water. When haemolysis occurs, the column of sedimented 
cells is decreased in height by the haemolysed corpuscles streaming up along 
the sides of the haematocrite tube. If this continues for any length of time, the 
entire tube becomes filled with the contents of the haemolysed cells and at the 
bottom of the tube is seen a slightly denser sediment of cells which appears 
somewhat translucent. The translucency, however, is not due to the close 
packing indicating Koeppe’s criterion (which Ege describes as the “ appearance 
of haemolysed cells”), but is due to an actual haemolysis taking place. 
Furthermore, the height of sedimented cells when haemolysed cannot represent 
the true cell volume as the cell contents have been liberated throughout the 
entire length of the haematocrite tube, and the cell volume is therefore very 
much less than the true volume. Such haemolysis with apparently smaller cell 
volumes and, consequently, larger amounts of free water, would seem to be 
the source of Ege’s high value for the free water to be extracted from the cell 1 . 

Summary. 

Determination of the maximum change of volume of blood corpuscles in 
NaCl solutions of varying strengths gives a value of 30-35 % of the cell volume 
occupied by the free or osmotically transferable water contained in the cor¬ 
puscle and 30-35 % for the value of the bound water, confirming Gough’s 
figures. 

i Eg© cates experiments by the method of determining depression of the freezing point by 
equal volumes of water and blood corpuscle press-juice in support of his high value for the free 
water. This method is not a reliable means of determining the relative proportions of free and bound 
water as it assumes two questionable points: (i) that the bound water is inactive in producing 
freezing-point lowering, and (ii) that the dissolved sucrose cannot be added to the bound water 
as well as to the free water- 
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Washing cells in “ isotonic ” solutions, prolonged centrifuging, the occur¬ 
rence of haemolysis and the use of Koeppe’s criterion as indication of true cell 
volume are to be noted as possible sources of error in Ege’s determination of 
60 % free water in the cell. 
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The Barcroft apparatus was originally designed to measure the total amount 
of gas evolved or absorbed by a given process. Recently however it has been 
widely used for the study of tissue respiration and similar processes, in which 
not so much the total amount of gas absorbed as the rate of the process is 
to be determined. In order that the results should be significant in such 
cases, it is essential to ensure that the process is not being limited by purely 
physical factors depending upon the apparatus itself. Two such factors are 
likely to introduce errors, namely, inability of the oxygen to diffuse sufficiently 
rapidly from the gas into the liquid phase, and insufficient rate of absorption 
of the carbon dioxide, produced in the respiration, by the alkali present for 
that purpose. In spite of the considerable amount of work which has been 
carried out by means of the Barcroft apparatus on tissue systems, no data on 
the limitations of the apparatus from this point of view have yet been 
published. This question is dealt with in the present paper. 

Details of apparatus. 

The flasks of the apparatus were of the form illustrated in Fig. 1, this 
being the type used in this laboratory during the past seven years. The 
volume of the flask is 35 cc. and 3 cc. of liquid are used in all cases. The layer 
of liquid is about 1*5 mm. in thickness. 

A considerable improvement in the reliability of the apparatus is effected 
by dispelling with the usual T taps, which were very liable either to leak or 
to become blocked, and substituting ordinary taps in the position shown in 
Fig* L 

The liquid used in the manometers was paraffin coloured with Sudan III, 
which proved entirely satisfactory. Clove oil is to be avoided, as it is too 
viscous for Use when rapid oxygen uptakes are being measured. The density 
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of the paraffin used should of course be accurately determined before cali¬ 
brating the apparatus, so as to avoid the necessity of recalibration in the 
event of accidental loss of the liquid. The area of cross-section of the bore of 
the manometer tubes was about 0*5 mm. 2 

The usual type of shaking mechanism was employed. This was normally 
adjusted to give a rate of shaking of 120 complete oscillations per minute, 
with a distance of travel of 2*5 cm., these conditions being those adopted in 
previous work. The shaking was not interrupted when readings were taken. 



Fig. 1. Side view of apparatus. The drawing shows only one-half of the apparatus. 

Absorption of carbon dioxide . 

In using the Barcroft apparatus to measure the rate of oxygen uptake by 
tissue preparations, it is of course necessary that the effect of the C0 2 pro¬ 
duced by the tissue shall be eliminated. For this purpose it has been customary 
to introduce about 0*3 cc. of a strong solution of ISaOH or KOH into a small 
open tube sealed to the bottom of the flask, in order to absorb the C0 2 . If 
any C0 2 accumulates in the gas phase, owing to incomplete absorption, the 
apparent oxygen uptake will be less than the true by a corresponding amount. 
If no alkali is added the movement corresponds to the difference between the 
oxygen absorbed and the C0 2 evolved, and this is made use of in determining 
the respiratory quotient (as described by Dixon and Elliott [1929]). In the 
course of the work just referred to we found that with the customary technique 
the rate of absorption of C0 2 was quite inadequate for experiments on rapidly 
respiring tissues. We therefore examined the efficiency of the absorption under 
various conditions. 

For this purpose a Barcroft respirometer was set up containing in the 
flasks 1 mg. of sodium carbonate in the usual amount of liquid. In the right 
hand flask a small tube (as used by Keilin [1929]) containing 0*4 cc. of a 
strong solution of oxalic acid was suspended from the absorption tube by a 
small platinum hook as shown in Fig. 1. 40 % NaOH or KOH solution was 
placed in the absorption tube in the usual way. The apparatus was then 
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shaken in the thermostat for 5 miiiutes, the taps closed, and the zero reading 
taken. After shaking for a further period to make certain that the reading 
did not change, the apparatus was gently tapped so that the tube containing 
the acid was upset into the carbonate solution and the C0 2 (about 200 mm. 3 ) 
thus liberated. The C0 2 was rapidly evolved, and readings were then taken 
for some time after the evolution had ceased in order to follow the rate of 
absorption by the alkali. Results obtained for NaOH at 14° and for KOH 
at 40° are shown in Fig. 2, curves A and B. 

It is evident from these curves that the rate of absorption of C0 2 is quite 
insufficient, when the customary technique is used. 



Fig. 2. Rate of absorption of CO a by various methods. Curve A; the absorbing agent was 40 % 
NaOH placed in the absorption tube; temperature 14°. (The curve for NaOH at 40° was 
slightly lower than this.) Curve B; 40% KOH in the absorption tube; temperature 40°. 
Curves C and D; rolls of filter-paper were used in the right-hand flask only at 40°: Curve C; 
the paper was moistened with 40 % KOH; Curve D; 7 % KOH was used. 

The tissue may be assumed to produce C0 2 at a constant rate. The rate 
of absorption on the other hand will depend upon the concentration of C0 2 
in the gas phase. C0 2 will therefore accumulate in the gas phase until the 
rate of absorption becomes equal to the rate of production, and when this 
steady state is reached the movement of the manometer gives a true measure 
of the rate of oxygen uptake. Thus the error becomes smaller as the experi¬ 
ment progresses. It is possible to calculate the time required for attai nm ent 
of the steady state and the magnitude of the error produced as follows. 

Let a? *= the volume in mm. 3 of C0 2 in the gas phase of the flask at any 
instant. 

Let JS ap rate of evolution of C0 2 by the tissue in mm. 3 per minute* 12 may 
be assumed to be constant. 
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The rate of absorption of C0 2 will be proportional to the amount of C0 2 
in the gas phase. This will be the case no matter whether the rate is deter¬ 
mined by the diffusion of the gas along the absorption tube or directly by 
the number of molecules striking the absorbing surface. Therefore we can write 

Rate of absorption = cx mm. 3 per minute, 

c being a constant depending on the form of the apparatus, temperature, etc. 

The rate at which C0 2 accumulates is equal to the difference between the 
rate of evolution and the rate of absorption. Therefore 

dx r) 

cx ■ 

On integrating, and determining the constant of integration by putting 
x = 0 when t — 0, we get 

i = ^(l-e-'') .(1). 


At t = 00, x co = - • 

We may obtain the time required for x to reach 99 % of its equilibrium 
value by putting x = —,3V 
Then 99 .■?-=? (1 — e~ ct ) 

100 cc 

whence e~ ct = 0*01 


, _ -2x2*3 

^99% c 

4*0 

tgw == minutes. 

# /o c 

We note that the time required for x to reach 99 % of its final value is 
independent of R, the rate of evolution of C0 2 . 

By drawing a tangent to curve B, Fig. 2, at any given point we obtain 
the value of cx, the rate of C0 2 absorption. E.g . when x = 75 mm. 3 the rate 

of absorption cx = ~ , whence 

r 34 rmna. * 

r - 153 - J__ 

34x75 16*5’ 

Therefore = 4*6 x 16*5 = 76 minutes. 

Suppose C0 2 is evolved at the moderate rate of 300 mm. 3 per hour. Then 
J? — 5 mm. 3 per minute, and - c = 5 x 16*5 = 82*5 mm. 3 

Using equation (1) we can plot x against t as in Fig. 3. We see that using 
this method of absorption, approximate equilibrium between C() 2 evolution 
and absorption would not be reached for 76 minutes, at which time 82 mm. 3 
of CO a would be present in the gas phase of the flask. Should the taps of the 
, apparatus be closed after allowing say 10 minutes for the initial temperature 
equilibration, the curve shows that about 40 mm 3 of C0 2 are already in the 
flask, and therefore during the next 60 minutes a further 40 mm. 3 of C0 2 
will accumulate in the gas phase, so that the apparent oxygen uptake will 
be decreased by this amount. 
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Thus this method for C0 2 absorption is practically useless, and the following 
method, suggested to us by Dr Keilin, has been adopted. 

A rectangle of filter-paper about 4 cm. by 2-5 cm. is rolled up fairly tightly 
into a cylinder, and tied with silk. The length of this roll should be about 
£ inch greater than that of the absorption tube in the flask. One end of the 
cylinder is then slit down by two cuts at right angles, and the ends spread 
out. This is then placed in the absorption tube as shown in Fig. 1, after lightly 
greasing the upper rim of the tube to prevent the alkali from creeping down 
the outside. The alkali solution is then run on to the paper. 



Fig. 3. The curve shows the accumulation of C0 2 in the gas phase with absorption conditions 
corresponding to curve B of Fig. 2, and with a CO, production of 300 mm. 8 per hour. The 
length of the arrow represents the magnitude of the error produced when the taps are closed 
, after 10 minutes. 


The absorption of C0 2 is now very rapid, as is shown by curve C, Fig. 2. 
Using 40 % KOH at 40° it is evident however that a new factor has entered, 
for the amount of gas absorbed is greater than the amount of C0 8 present, 
and the pressure in the flask continues to fall after passing its original level. 
This was traced to the fact that under the action of the strong alkali the 
paper undergoes spontaneous oxidation with uptake of oxygen. With a weaker 
solution of alkali however the absorption of CO a is equally rapid, while the 
absorption of oxygen becomes nearly negligible. This is shown in curve D, 
Fig. 2, which was obtained using 7 % KOH at 40°. The inaccuracy due to 
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the oxidation of the paper can be entirely obviated by having the alkaline 
paper in both flasks of the apparatus. In curves A and B, Fig. 4, 6 % KOH 
on paper was used at 14°, the paper being in the right hand flask only in 
curve A and in both flasks in curve B. 

By calculation similar to that given above it is found from curve B, 
Fig. 4, that using this method of absorption only 11 minutes is required to 
reach approximate equilibrium, at which time 12 mm. 3 of C0 2 are present in 
the flask if the rate of production of C0 2 is 300 mm. 3 per hour as before. If 
the taps are closed after 5 minutes there will be 10 mm. 3 already present, and 
the amount of C0 2 will increase by only 2 mm. 3 which is entirely negligible. 



Minutes 

Fig. 4. This experiment was similar to that of Fig. 2. Curve A; 6 % KOH on filter-paper was 
placed in the right-hand flask only; Curve B; it was placed in both flasks of the apparatus. 
Temperature 14°. 

Taking the high rate of C0 2 evolution of 1000 mm. 3 per hour, the same 
calculation shows that the error when the taps are closed after 5 minutes 
would only be 5 mm. 3 

This method is therefore entirely satisfactory. 

Diffusion of oxygen as a limiting factor. 

In order to measure the true respiration rate of cells immersed in a liquid 
it is necessary to ensure that the rate at which oxygen can diffuse into the 
liquid is rapid in comparison with its utilisation. (This applies also to the 
measurement of oxygen absorption by other systems.) 
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The importance of this was early appreciated when adapting the Barcroft 
apparatus for measuring rates of oxygen uptake, and Dixon and Tunnicliffe 
[1923] pointed out the importance of using flasks of a form exposing a large 
surface of liquid to the gas and giving efficient mixing of the liquid, and also 
of making sure in carrying out experiments that the rate of uptake is inde¬ 
pendent of the rate of shaking of the apparatus, this being an indication that 
the uptake is not being limited by diffusion effects. In spite of the con¬ 
siderable amount of work which has since been carried out with the apparatus, 
no quantitative data have yet been published on the rates of uptake which 
the apparatus is capable of measuring without errors due to diffusion effects. 

The essential condition which must be fulfilled if the experiment is to be 
significant is that the concentration of dissolved oxygen must not fall so low 
that its rate of utilisation by the respiring cells (ot other system undergoing 
oxidation) falls appreciably below that which would be obtained if the 
pressure of oxygen in the liquid were identical with that in the gas. 

In order to make this clear let us consider what takes place when the 
amount of respiring cells, e.g. yeast, present in the 3 cc. of liquid in the flask 
of the apparatus is gradually increased. With very small amounts of yeast 
the rate of oxygen uptake will be small, and hence the pressure of oxygen 
dissolved in the liquid will be only slightly below that in the gas phase; the 
observed rate of uptake will be proportional to the amount of yeast present, 
and will be independent of the rate at which the apparatuses shaken (i.e. of 
the degree of mixing of the liquid). As the amount of yeast added is increased 
the rate of uptake is proportionately increased and the tension of dissolved 
oxygen will fall lower; but so long as it does not fall below the point at which 
the respiration rate of the yeast depends upon the oxygen pressure the rate 
of uptake is still a true measure of the respiration, and remains proportional 
to the amount of yeast and independent of the rate of shaking. A point is 
ultimately reached however at which the oxygen pressure in the liquid falls 
so low that the actual respiration rate of the yeast is cut down, when further 
additions of yeast have much less effect, and since the rate of uptake is npw 
to some extent determined by the rate at which the oxygen can get to the 
yeast, it begins to be dependent upon the rate of shaking. Finally with large 
amounts of yeast the rate of uptake reaches a limiting value which is practi¬ 
cally independent of the amount of yeast, and is entirely dependent upon the 
rate of shaking. 

Owing to the complicated mixing conditions a quantitative mathematical 
treatment is hardly practicable, but we shall give here a number of experi¬ 
ments illustrating the effects met with and the capabilities of the apparatus. 

The actual results obtained with yeast are illustrated in Fig, 6, which 
shows the relation between the observed velocity of oxygen uptake and the 
amount of yeast taken at two rates of shaking. (In all these experiments 
large “KOH-papers” were used, capable of absorbing the C0 2 produced by 
large amounts of yeast.) It will be seen that up to the point Jt on the curved 
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the apparatus measures the true respiration rate of the yeast, since the 
velocity of uptake remains proportional to the amount of yeast taken up to 
this point; also the rate of uptake observed is the same at both rates of shaking. 
Beyond this point the velocity becomes limited by diffusion, and practically 
independent of the amount of yeast, at the slower rate of shaking. At the 
higher rate of shaking however the respiration rate can be followed up to 
considerably higher values before diffusion limits the process. It appears 
therefore that with yeast the apparatus is capable of accurately measuring 
uptakes up to about 1000 mm. 3 per hour at the normal rate of shaking 
(120 per minute), at 15° and with the flasks filled with. air. Correspondingly 
higher velocities can be measured at higher temperatures or with the flasks 
filled with pure oxygen instead of air. 



Fig. 5. Velocities of oxygen uptake observed with varying amounts of yeast. A suspension of 
5 g. baker’s yeast in 20 cc. phosphate buffer p H 7*6 was prepared* and mixtures of this 
suspension with phosphate buffer were taken so as to give the amounts of yeast stated in 
3 ce. of liquid. In curves A and B the rates of shaking were 102 and 138 oscillations per 
minute respectively. Temperature 16°. 

The maximum rate of uptake which can be measured varies greatly with 
the rate of shaking, as is to be expected. In order to obtain some idea of 
this rate of uptake at different rates of shaking, a number of observations 
were made with larger amounts of yeast, under conditions therefore where 
diffusion was the limiting factor. These results are shown in Fig. 6. The 
experimental variations are considerably greater when the process is limited 
by diffusion than when this is not the case, but the results are quite consistent 
in spite of the fact that several different respirometers were used. The true 
respiration rate of the amount of yeast used was about 3000 mm. 3 per hour 
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at 15°, as shown by determinations on small amounts with rapid shaking. 
This rate was reached at a rate of shaking of about 180 oscillations per minute. 

Rates of shaking below 60 per minute do not cause much mixing of the 
liquid layer, which tends to oscillate as a whole from side to side of the flask. 
Definite mixing of the liquid begins at about 60, and thereafter becomes 
increasingly efficient. This is reflected in the form of the curve. Rates of 
shaking above 200 are not permissible, as there is then some risk of the liquid 
splashing on to the “KOH-paper,” but there is no risk of this below this rate. 

The position of the curve of Fig. 6 is not altogether invariable and inde¬ 
pendent of the nature and amount of the system absorbing oxygen. Even 
when the process is limited by diffusion the rate of uptake depends to a certain 
extent upon the amount and activity of the yeast taken (or, in the case of 



Bate of shaking (complete oscillations per minute) 


Fig. 6. Effect of rate of shaking on rate of oxygen uptake by large amounts of yeast. Each of 
4 the small circles represents an experiment with 600 mg. baker’s yeast in 3 cc. phosphate 
buffer at 15°. The true respiration rate was slightly over 3000 mm. # per hour. Curve B was 
obtained with 200 mg. of yeast at 37°. 


f^rtoxidation of a substance, the velocity constant of the reaction). In general, 
systems which would react rapidly with an adequate supply of dissolved 
oxygen tend to give higher curves than systems giving slower uptakes. That 
is to say, diffusion effects may influence the results at observed rates much 
lower in the case of systems giving only small rates of uptake (in the absence 
of such effects) than in the case of more rapidly reacting systems. 

Thus with smaller amounts of yeast than those used in Fig, 6 the curves 
followed lie somewhat lower but are of similar form. As the rate of shaking 
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is increased the rate of uptake increases as before until the true respiration 
rate is reached, after which further increase of shaking has no effect. With 
decreasing amounts of yeast a series of curves such as E, F, B, C in Fig. 7 
are thus obtained, the levels of the horizontal parts of the curves at the higher 
rates of shaking being proportional to the amount of yeast present. It is of 
course only on these horizontal parts of the curves that the true respiration 
rate is measured. 

Conversely with more rapidly respiring cells the position of the curve is 
somewhat higher. In curve D of Fig. 7, for which the same amount of yeast 
was used as in Fig. 6, the yeast was previously incubated with a small amount 
of glucose, which increased its respiration about 5 times [cf. Dixon and Elliott, 
1929]. The change in position of the curve is however comparatively small. 



Fig. 7, Curve A is that of Fig. 5 reproduced for comparison. Curves A, B and C wore carried 
out with the same sample of yeast, 600 mg., 60 mg., and 20 mg. being used respectively. 
Curve I) was obtained with 600 mg. of the same yeast which had previously been treated 
with a small amount of glucose. Curves E and F were obtained with 500 mg. and 250 mg. 
of a different sample of yeast. Temperature 15° in all these curves. Curve G was obtained 
with 100 mg. of yeast at 37°, and curve H with 500 mg. of minced liver at 37°. 


In the case of yeast the respiration rate is independent of the oxygen 
pressure within wide limits. In other cases, as for instance the autoxidation 
of cysteine, the reaction velocity depends upon the oxygen pressure. 
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A number of experiments were carried out on the oxygen uptake by 
cysteine in presence of varying amounts of iron as catalyst. The curves ob¬ 
tained were very similar to those given by yeast. It appears that with this 
system also velocities of the order of 1000 mm. 8 per hour can be measured 
at the usual rate of shaking (see Fig. 8). 

This figure must not however be taken as representing the highest velocity 
measurable by the apparatus for all systems. With certain rapid reactions 
uptake rates of a much higher order can be measured without errors due to 



Fig. 8. Effect of rate of shaking on oxygen uptake by cysteine in presence of iron. The 
curve A is again reproduced from Fig. 6 for comparison. The crosses represent ob¬ 
servations with 8 mg. cysteine+0-04 mg. iron (as FeS0 4 ) in 3 cc. buffer. The circles 
were obtained with 8 mg. cysteine -)-0*016 mg. iron. Temperature 14°. 


diffusion effects. For instance in the case of oxygen uptake by alkaline 
pyrogallol solutions rates of the order of 10,000 mm. 3 per hour can be measured 
at the normal rate of shaking. 

Fig. 9 shows the rates of uptake observed at different rates of shaking. 
In these experiments the pyrogallol solution was placed in the flasks, and the 
NftOH solution was placed in small hanging tubes as shown in Fig. 1. The 
manometers were then shaken in the thermostat for a few minutes, after 
which the NaOH was upset into the pyrogallol solution and readings com¬ 
menced. By this means the rapid uptakes could be conveniently followed. 

It will be seen that, although at the slower rates of shaking the reaction 
was evidently limited by diffusion, the velocity was quite unaffected by 
increasing the rate of shaking from 120 to 150, indicating that at 120 the true 
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velocity had been reached. This is also indicated by the fact that the velocity 
of uptake was exactly proportional to the pyrogallol concentration up to 
even higher velocities, as shown in Fig. 10. We have at present no wholly 
satisfactory explanation for the difference in behaviour between pyrogallol 
and the other systems studied. 

It is now clear that the limiting rate of uptake which can be measured 
in the apparatus without being falsified by diffusion effects does not depend 
only upon the apparatus, but also upon the system under investigation. Our 



Pig. 9. Effect of rate of shaking on rate of oxygen uptake by alkaline pyrogallol. The curve A is 
again that of Fig. (5. Curve B was obtained as follows. 2T ec. water-f 0-5 cn. of 0-5 % pyro- 
gallol solution was placed in the flasks, and 0*4 cc. of 20 % NaOH in the hanging cups. After 
equilibration of the apparatus the NaOH was upset into the pyrogallol solution. Tem¬ 
perature 14°. 

aim in this paper is not to provide a mathematical treatment which will 
account quantitatively for the effects observed, but rather to call attention 
to the absolute necessity, when studying any reacting system by means of 
the apparatus, of making certain that diffusion effects are not affecting the 
results, if the observations are to have any weight. Two main criteria are 
available. In the first place, it is obvious that if the reaction velocity is 
determined for a small amount with rapid shaking this will indicate the true 
value. If from this the value for a larger amount is then calculated, and the 
observed value corresponds with the calculated, it is clear that the true rate 
is still being measured. In other words, if the observed velocity is propor¬ 
tional to the amount of the system taken throughout the experimental range, 
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the experiments are valid. The second requirement is that the velocity of 
uptake must not be affected by the rate of shaking. Unless this is the case 
it is clear that diffusion effects are entering, and the significance of the results 
is doubtful. In studying a new system it cannot be predicted from the ob¬ 
served velocity alone whether diffusion effects are influencing the results or 
not, and one or other of the tests mentioned must be applied. 

It can however be stated with some probability that with this type of 
apparatus at the usual rate of shaking and for reactions of average velocity, 



Fig. 10. Effect of amount of pvrogallol used on rate of oxygen uptake. The prooedure was the 
same as in Fig. 9, except that the rate of shaking was maintained constant at 120, and the 
volume of 0*5 % pyrogallol solution taken was varied. The total volume of liquid was 3 cc. 
in each case as before. 


diffusion effects do not play a considerable part with rates of uptake less 
than about 1000 mm. 3 per hour at 15°. An examination of the literature 
.snows that the rates of uptake measured with this type of apparatus have 
almost invariably been considerably lower than this—usually about 200- 
. 300 mm.® per hour—and in that case it is unlikely that any considerable 
errors due to this cause have arisen. It is however not altogether unco mm on 
in descriptions of work on oxygen absorption carried out in other types of 
apparatus to find such statements as “In order to obtain consistent results 
it was necessary to control carefully the rate of shaking.” This of course 
indicates that such experiments are of doubtful significance. 

Finally We may mention that none of our earlier work is affected by these 
results. We have always applied one or other of the above-mentioned tests 
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to ensure that diffusion errors were eliminated, and when we have worked 
with systems producing C0 2 we have employed the “KOH-paper” technique. 
Nevertheless in view of the large amount of work now being carried out with 
the apparatus it seemed desirable to publish the facts described in this paper. 

Summary. 

1. The usual method for absorbing the C0 2 evolved in respiration experi¬ 
ments in the Barcroft apparatus is shown to be very inefficient, and an 
efficient method is described. 

2. Experiments on the extent to which diffusion effects may limit the 
results obtained, when the Barcroft apparatus is used for measuring velocities 
of oxygen uptake, are described and discussed. 
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It is probable that the most important factor responsible for the abnormal 
reactions in cases of mental disease can be traced to some variety of defective 
oxygen metabolism [Pickworth, 1929]. 

Irregularities of the normal oxygen supply or its utilisation may occur at 
any point in the respiratory cycle. The present paper deals with deficient 
oxygen supply due to defective blood-pigment. From pathological con¬ 
siderations it is highly probable that toxic substances absorbed from the 
intestinal canal (and evidence of blood infection with intestinal organisms is 
found almost invariably in association with acute mental disorder) might 
effect a chemical change in the haemoglobin of the blood, rendering it useless 
for respiratory purposes. 

The present investigation was therefore undertaken to ascertain whether 
inactive forms of haemoglobin occurred in the blood in cases of mental 
disorder. 

The active haemoglobin of a large number of specimens was determined 
by direct measurement of the oxygen liberated from fully oxygenated blood, 
and these values were compared with the total haemoglobin content found 
by other methods of analysis. 

Since it was required to measure very small quantities of inactive pigment, 
it was necessary to devise an accurate and reliable method of analysis 
specially suited to the work and quantity of material available. A modifica¬ 
tion of Haldane’s blood-gas apparatus [1900, 1920] was made which was 
adaptable for a small quantity of blood. Control experiments of each factor 
influencing the analysis were made in order to secure consistency and re¬ 
liability of the results. 

Methods. 

Estimation of the oxygen capacity of blood # 

The blood was collected in sterile tubes containing a trace of potassium 
oxalate and sodium fluoride as an anti-coagulant. Carbon dioxide was re¬ 
moved by exposing in films to a current of moist, carbon dioxide-free air in 
presence of a phosphate buffer solution of p u 7*5. A measured quantity 
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(1 to 2 cc.) of this C0 2 -free blood-buffer mixthre was introduced into the 
reaction flask of the apparatus; this was immersed in a water-bath at 37° 
and gently shaken until the blood had attained equilibrium with the atmo¬ 
sphere in the flask. 1 cc. of ferricyanide with saponin was then admitted 
from the separate compartment of the apparatus into the reaction flask. The 
oxygen was completely expelled by shaking the apparatus for 3 minutes, 
and the volume of gas evolved measured and calculated to 100 cc. of blood. 

Description of blood-gas apparatus. 

The apparatus consisted of a narrow bore U tube containing clove oil 
tinted with safranine as a pressure indicator; there was a third limb of wider 
bore acting as a reservoir for the oil which was also convenient for measuring 
the gas under definite barometric pressure. 

The burette T (Fig. 1) was fitted with a two-way 
tap by means of which it could be connected either 
with the side limb C and the reaction flask A, or 
opened to air for adjustment to barometric pressure. 

The ferricyanide was contained in a separate com¬ 
partment B , which was connected above with the 
reaction flask so that it could be admitted without 
altering the pressure. The barometric pressure and 
temperature control bulb Q was of similar size (about 
30 cc.). 

The burette tubes T and S were of identical bore, 
the former being accurately graduated to a volume 
of exactly 0*250 cc. and divided into 100 equal parts. 

The apparatus was rigidly mounted on a very heavy 
base and was designed for use completely immersed in 
a water-bath at 37°. The temperature was controlled 
by a thermostat and the water was kept thoroughly 
stirred by a current of air. 

The rigid nature of the connections in the ap¬ 
paratus was an important feature and allowed thorough 
shaking in order to mix the reacting fluids. Complete and rapid expulsion 
of the liberated oxygen was secured by the introduction of a single large 
glass marble L5 cm. in diameter into the reaction flask. 

Accurate and reliable analyses could be made with as little as 0*5 cc. of 

blood. 

A. Collection and preservation of specimens . 

The blood was collected in sterile tubes containing 0*02 g. of a finely 
powdered mixture of potassium oxalate and sodium fluoride, 5:1. 

This anti-coagulant did not cause haemolysis. Estimations were carried 
out immediately after collection of the specimens when possible. Otherwise 

53 —2 
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they could be stored satisfactorily for a short period in an ice-chamber. It 
was found that sterile blood, so kept, did not change in oxygen capacity in 
4 days, although after 6 days an appreciable diminution was noticeable. 

B. Preliminary treatment of blood samples. 

In order to eliminate errors caused by varying hydrogen ion concentra¬ 
tions of the blood specimens, and also to prevent liberation of carbon dioxide 
during the test, the p n of the blood was controlled by means of the addition 
of strong buffer solution, and the carbon dioxide was removed from the 
mixture before introducing it into the flask. An equal volume of phosphate 
solution of p u 7*5 (containing 8*184 g. Na 2 HP0 4 , 12 H 2 O and 0*608 g. 
NaH 2 P0 4 in 50 cc. of distilled water) was added to the blood. A. steady 
stream of air purified from traces of C0 2 by bubbling through dilute sodium 
hydroxide was passed over the mixture which was gently rotated in a tono¬ 
meter. This treatment removed about 20 cc. of C0 2 per 100 cc. of blood in 
20 minutes. Analyses conducted with the blood so treated were proved to 
be quite consistent. 

C. Equilibration of samples at 37 °. 

For each estimation, 1*6 cc. of the blood-buffer mixture was introduced 
into the flask A by means of a standardised delivery pipette; approximately 
1 cc. of recently made ferricyanide (12*5 % dissolved in the same buffer 
solution, diluted five times in order to bring the salt concentration to a 
suitable amount), with 0*005 g. of white saponin, was placed in the bulb B. 

In order for the blood to attain complete equilibrium with the air of the 
flask, it was necessary to shake the apparatus in the bath for 15 minutes, 
equilibrium being evidenced by the Cjlove-oil levels remaining quite stationary 
for 2 minutes. 

D. Process of analysis. 

The levels of the clove oil in the burette tubes were brought to a con¬ 
venient position near to the zero point by adjusting the pressure in the 
tube X, the temperature gauge was closed, and the ferricyanide solution 
admitted. The apparatus was gently shaken for 3 minutes. The large glass 
marble greatly facilitated rapid expulsion of the liberated oxygen in a manner 
much superior to a number of smaller beads, or broken glass. The levels were 
adjusted to the gas increase and the temperature of the bath was noted. After 
obtaining equilibrium the volume of gas was observed and calculated to 
n.t.f* per 100 cc. of blood. A further shaking of the apparatus was then 
carried out which should cause no further evolution of gas. 

Accuracy of the analysis . We were able to eliminate the following errors 
by a careful investigation into the conditions under which the test was 
carried out, and in every case considerable latitude could be allowed in the 
quantities and primes of the tests without introducing these or other errors. 
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(a) Incomplete liberation of oxygen due to faulty haemolysis of the 
corpuscles (see experimental section E'). 

(b) Blood laked with dilute ammonia may retain a portion of the liberated 
oxygen. 

(c) C0 2 may be liberated owing to the insufficient alkalinity of the solution. 

(d) Litarczek [1928], and Parsons and Parsons [1927] have described a 
reducing action which occurs in specimens of pathological blood which results 
in an absorption of some of the oxygen evolved in the test. 

Our experiments under similar conditions demonstrated that some speci¬ 
mens of human blood absorbed a quite appreciable amount of the liberated 
oxygen. It was found that plasma or serum from normal animals reacted 
similarly, and even washed rabbit or sheep corpuscles possessed this reducing 
property to a slight degree. These errors were eliminated by adequately 
buffering the test mixture, the advantage of winch is illustrated by experi¬ 
ments in section B' and Figs. 2 and 3. 

Defibrinated sheep blood Ox-serum 




Fig. 2. To show effect of buffer in reducing Fig. 3. To show effect of buffer in reducing 

oxygen absorption in test. oxygen absorption in test. 

The accuracy of the method w r as carefully checked by other tests which 
included Stadie’s cyanohaemoglobin colorimetric method, and an estimation 
of the iron content of the haemoglobin by a micro-titration method using 
titanium chloride. The quantity of haemoglobin was also estimated by the 
Fleischl-Miescher haemoglobinometer using a calibrated carbon monoxide 
wedge. 
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Experimental. 


A'. Preservation of specimens . 

The following typical experiment demonstrates the change in the oxygen 
capacity of blood containing oxalate-fluoride anti-coagulant, after storing in 
the ice-box for various periods. 

Specimen No. 59. Sterile rabbit blood + 0-5 % oxalate-fluoride mixture. 


Tim© of storing 

Oxygen capacity 

Fresh 

15-1 cc. 

24 hrs. 

150 „ 

48 hrs. 

15-0 „ 

4 days 

15-0 „ 

6 days 

12-3 „ 


No change occurred in 4 days, after which a distinct fall in oxygen capacity 
took place. 

B'. Effect of buffering the sample. 

1. A large number of sera from various sources, when mixed with an 
equal quantity of phosphate buffer, were found to have a p n of 7-5 by the 
capillator method. The clear fluid obtained by centrifuging a mixture of equal 
parts of blood and buffer also had a similar p n value. 

2. No alteration in the volume of gas, due to changes in vapour pressure, 
was caused by the addition of buffered ferricyanide to blood-plasma plus 
an equal volume of buffer. 

Exp. 80. 0*81 cc. human plasma + 0*81 ee. buffer. 

Time Burette reading 

Equilil^ium 0-185 oc. 

3 mins. 0-185 „ 

Ferricyanide added 
7 „ 0 -185 „ 

15 „ 0-185 „ 

3. The addition of acid or alkali to blood did not affect the oxygen 
capacity, provided the buffer solution as described above was added before 
‘saturation with air previous to the test. 

Exp. 82. 1 cc. blood + 0-5 cc. 2 % Na 2 C0 8 ; oxygen evolved after buffering 
etc. — 0*120 cc. 

1 cc. blood + 0-5 cc. 0-3% lactic acid; oxygen evolved after 
buffering etc. — 0-120 cc. 

1 cc. blood + 0-5 cc. isotonic saline; oxygen evolved — 0-121 cc. 

4. The addition of a small amount of lactic acid to blood has a very 
marked effect at low oxygen pressures; when this lactic acid-blood is treated 
with buffer prior to saturation with the low pressure of oxygen, the calculated 
theoretical result is obtained. 
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Exp. 83. 1 cc. corpuscles -f 1 cc. isotonic saline 0*5 cc. 0*1 % lactic acid 
exposed to 2*6 % oxygen in nitrogen. 

Oxygen evolved = 0*194 cc. = 67*5 % saturated. 

(Calculated saturation = 84 %.) 

1 cc. corpuscles -f 0*5 cc. lactic acid 4- 1 cc. buffer solution, then 
exposed to 2*6 % oxygen in nitrogen. 

Oxygen evolved — 0*225 cc. = 84 % saturated. 

(Calculated saturation = 84 %.) 

5. The effect of the buffer in preventing the re-absorption of oxygen by 
the blood-fcrrieyanide mixture is shown by the following experiment. 

Exp. 85. 1 cc. sheep plasma -f 1 cc. 2 % Na 2 C0 3 , after equilibrium estab¬ 
lished with its atmosphere in the reaction flask, 1 cc. aqueous ferricyanide 
added. Readings taken at intervals. 


Time Burette reading 

0 mins. 0-229 ce. 

2 „ 0-220 „ 

5 „ 0-212 „ 

8 „ 0-200 „ 

Absorption in 30 


Time Burette reading 

12 mins. 0-193 cc. 

18 „ 0-183 „ 

25 „ 0-170 „ 

30 „ 0-162 „ 

i. =0-067 cc. 


Exp. 86. 1 cc. sheep plasma 4 - 1 cc. buffer p n 7*5; after equilibrium estab¬ 
lished, 1 cc. buffered ferricyanide added; readings at intervals. 


Time 
0 mins. 
5 „ 

10 „ 


Burette reading Time 

0-190 cc. 15 mins. 

0-189 „ 30 „ 

0-189 „ 40 „ 

Oxygen absorbed = 0-003 cc. 


Burette reading 
0-188 cc. 
0-188 „ 
0-187 „ 


Similar tests comparing alkaline with buffered solutions are shown in 
Figs. 2 and 3. 

It will be noted that the serum is responsible for the greatest re-absorption 
of oxygen, A further similar test with washed sheep corpuscles gave a much 
smaller absorption deviation. 


C'. C0 2 in the sample. 

When considerable amounts of carbon dioxide are present in the blood 
sample, a portion of it passes into the air above the mixture in the reaction 
flask. This quantity may vary slightly on adding the reagent, and samples 
must therefore be previously treated to remove excess C0 2 . 

Exp. 87. (a) 1 cc. sheep blood-plasma previously exposed to C0 2 -free air 
current for 20 minutes (C0 2 content — 20cc./lOOcc.); 1 cc. buffer added; 
ferricyanide admitted when in equilibrium. 

Time Burette reading 

0 mins. 0-147 cc. 

3 „ 0-147 „ 

Equilibrium established 

Ferricyanide added 5 mins. 0-147 cc. 

10 „ 0146 „ 

25 „ 0-146 „ 

No change on adding reagent. 
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(b) 1 cc. sheep plasma (untreated), C0 2 content = 40 cc./lOO cc., 1 cc, 
buffer added; ferricyanide admitted when in equilibrium* 

Time Burette reading 

0 mins. 0*135 cc. 

# 3 „ 0135 „ 

Ferricyanide added 
5 „ 0*135 „ 

8 „ 0*120 „ 

io „ o ne „ 

12 „ 0*110 „ 

When blood-plasma containing a considerable quantity of carbon dioxide 
is used, there is a distinct change in the volume of the gas on addition of the 
reagent, due to absorption of C0 2 . 

Exp. 88. The quantity of C0 2 in the atmosphere of the reaction flask is 
shown in the table below. Blood + equal volume of buffer p H 7*5 exposed 
for varying periods to a current of moist, C0 2 -free air; 2 cc. of the resulting 
mixture introduced into the apparatus. After the volume had become con¬ 
stant, the C0 2 in the flask was absorbed by admitting 0-2 cc. of 5 % sodium 
hydroxide, the contraction in volume being the amount of C0 2 present. 


Time of exposure to 
CO,-free air 
0 mins. 

5 

10 „ 

20 „ 

30 „ 

60 „ 


CO, in gas of 
reaction flask 
0*57 
0*31 
0*21 
0*14 
O'13% 

0 * 12 % 

Laboratory air=0*4 mm. CO,. 


$ 

% 


Equivalent mm. 
of CO, 

3*9 mm. 

2*2 „ 

1*6 „ 

1*0 „ 

0*91 „ 

0-85 „ 


Exp. 89. Elimination of excess C0 2 . The blood at p B 7*5 was exposed in 
a tonometer through which a current of C0 2 -free air was passed for varying 
periods. V 

Time of exposure CO, per 100 cc. blood 


0 mins. 

42-5 cc. 

1 „ 

37-5 „ 

6 „ 

28 0 „ 

16 „ 

22-5 „ 

20 „ 

21-2 „ 

30 „ 

20'0 „ 

3 hrs. 

175 


An exposure of 20 minutes was sufficient to remove the excess C0 2 . 


D'. Equilibration of gas pressures . 

It was found that whole blood required about a quarter of an hour to 
attain equilibrium with the air of the reaction flask, gentle shaking of the 
apparatus being continued during the whole time. This period was much 
increased for plasma, whilst only a few minutes were required for a suspension 
of washed blood-corpuscles in saline. 

E'. The ferneyanide^saponin reagent. 

This consisted of 12*5 g. ferricyanide + 0*2 g. white saponin in 100 cc. 
phosphate buffer diluted five times with distilled water. 
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L Amount of ferricyanide. A large excess of the ferricyanide mixture is 
necessary in order to decompose the oxyhaemoglobin completely. (Conant 
and Fieser [1924] have calculated that at least 13*5 equivalents per g.- 
molecule of haemoglobin are required when in neutral solution.) 

The following test shows that the amount used (0*125 g. for each estima¬ 
tion) was amply sufficient, and that this amount could be varied considerably 
either way without error. 

Exp. 90. (1) 2 cc. buffered ox blood -f* 1*5 cc. ferricyanide reagent: 

oxygen evolved = 0*21 G cc. 

(2) 2 cc. buffered ox blood -f 1*0 cc. ferricyanide reagent: 

oxygen evolved = 0*216 cc. 

(3) 2 cc, buffered ox blood-f 0*5 cc. ferricyanide reagent: 

oxygen evolved = 0*216 cc. 

2. Amount of saponin . The addition of an amount of saponin equivalent 
to that in the reagent ( i.e . 0*002 g. per cc.) to a sample of blood caused com¬ 
plete haemolysis in 2 minutes. Microscopic examination of a drop of the 
fluid failed to show the presence of corpuscles. The addition of strong salt 
solution to this clear fluid did not cause the re-appearance of corpuscles 
(microscopically or by turbidity) as occurs with blood laked with a small 
quantity of distilled water. 

The following test shows that the accuracy of the analysis was not affected 
if the amount of saponin added to the blood varied considerably from the 
quantity actually employed. 

Exp. 92. (1) 2 cc. buffered ox blood + 1*0 cc. ferricyanide containing 
0*4% saponin: oxygen evolved = 0*203 cc. 

(2) 2 cc. buffered ox blood -f 1*0 cc. ferricyanide containing 
0*2 % saponin: oxygen evolved — 0*203 cc. 

(3) 2 cc. buffered ox blood -f 1*0 cc. ferricyanide containing 
0*15 % saponin: oxygen evolved = 0*203 cc. 

The rate of absorption of oxygen by haemoglobin was markedly slower 
in the presence of saponin. 

Exp. 93. (1) Human blood exposed to 2*1 % oxygen. Then exposed to 
air for 15 mins. 

Oxygen content = 17*8 cc. per 100 cc. = 100 % saturated. 

(2) Human blood exposed to 2*1 % oxygen; saponin added. 
Exposed to air for 15 mins, exactly as in test (1). 

Oxygen content ~ 16*4 cc. per 100 cc. = 92 % saturated. 

Other methods of estimation of haemoglobin content. 

1. Cyanohaemoglobin colorimetric determination. A slight modification of 
the process described by Stadie [1920] and Van Slyke and Stadie [1921] has 
been utilised. The pigments are converted to methaemoglobin by adding a 
trace of ferricyanide to the diluted blood and then, by adding a little dilute 
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potassium cyanide solution, eyanohaemoglobin is produced which has a 
brownish-red colour suitable for colorimetric estimation. A control is used, 
similarly prepared from pure blood. Blood containing small amounts of 
methaemoglobin shows a higher value for the colorimetric, as compared with 
the gasometric, method. 

0*2 cc. blood is diluted to 5 cc. with distilled water; 1 drop of 10 % 
ferricyanide containing 2 % lactic acid is added. After standing for 15 mins., 
1 cc. 0*1 % KCN is added and the solution diluted to 20 cc. The resulting 
colour is matched with the standard similarly prepared. 

The lactic acid greatly facilitates the rate of conversion to methaemoglobin, 
and the colour is stable and unaffected by the amount of acid present. 

2. Fleischl-Miescher haemoglobinometer method. A thin film of blood was 
exposed to coal gas in a tonometer until saturated with carbon monoxide. 
It was diluted 1 : 200 in a haemocytometer pipette with water saturated with 
carbon monoxide and the solution placed in one-half of the comparing 
chamber, the other half being filled with distilled water. The haemoglobin 
values were read directly from a carbon monoxide wedge. 

3. Micro-titration of the iron content . This method of analysis was used to 
check the other determinations and is similar to that used by Peters [1912]. 

The blood was weighed into a small nickel crucible (about 0-3 g.) and 
ashed by direct heat. The residue was dissolved in 2 drops of distilled water 
and 1 drop of strong iron-free hydrochloric acid. A drop of dilute hydrogen 
peroxide was added, the solution diluted to about 05 cc. and evaporated 
almost to dryness in order to ensure decomposition of all traces of peroxide. 
The solution was transferred to a titration tube having a constricted neck 
and bulb of capacity 3 cc. with a little acidulated water, and the volume of 
solution and washings made up to $ cc. The titrations were made from a 
micro-burette, capacity 1 cc., with approx. 2V/200 titanium chloride. The 
reagent was made by adding 15 cc. of 15 % commercial titanium chloride to 
15 cc. of hydrochloric acid, boiling for 3 mins, and diluting to 2500 cc. with 
well-boiled water. This volume completely filled the containing vessel. 

It was stored in contact with an atmosphere of C0 2 , and standardised 
immediately before making analyses. 

In order to prevent re-oxidation by the oxygen in the titration tube, the 
air was completely displaced before the analysis by means of a rapid stream 
of C0 2 and the surface of the liquid was covered with a thin layer of liquid 
"paraffin. 

One drop of 10 % KCNS was used as indicator and the titanium chloride 
was added from the micro-burette until the red colour just disappeared. When 
the ashing process was correctly performed and the precautions indicated 
above were observed, no return of the red tint occurred for some time and 
accurate analyses were obtained. 
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Results. 

Blood specimens from a number of normal healthy persons and 130 
specimens from 100 patients have been analysed. Also 40 specimens from 
healthy animals, including the sheep, ox. pig and rabbit, have been determined, 
and a number of analyses have been made with the blood of cats and 
babbits whilst under treatment with drugs. 

All the analyses were performed in duplicate, the results agreeing to within 
2 % for the colorimetric tests and 1 % with the other determinations. The 
following is a summary of the results obtain- d. Values have been expressed 
on the basis of 18*5 cc. oxygen = 100 % haemoglobin (Haldane’s standard 
for normal male). 

A. Normal human blood. 

The following tables show the results obtained in analyses of the blood 
of a number of healthy persons. A repeat of No. 1 is included to show’ the 
consistency of results obtainable after a few hours’ interval. 


Table I. Oxygen capacity (normal human specimens). 



Oxygen evolved 

Corresponding % H 

Specimen 

per 100 cc. 


content 

1 

190 cc. 


102-6 

2 

180 „ 


100-7 

3 

170 „ 


95 

4 

18-4 „ 


99-5 

1 (repeat) 

19-05 cc. 


102-9 

Table I a. 

Haemoglobin content (comparison of methods). 


% Hb. by gasometric % 

Hb. by Stadie 

% Hb. by CO- 

Specimen 

method 

method 

meth od 

1 

102-6 

103 

102 

2 

100-7 

101 

100 

3 

95-1 

Standard 

94 

4 

99-5 

99-2 

98 


Table II gives 

the results of analyses of 

a number of specimens from 

healthy animals. 





Table II. Hemoglobin content of animals' blood. 



% Hb. by 

% Hb. by 

% Hb. by 

% Hb. by 


gasometric 

TiClg 

CO-Hb. 

Stadie 

Animal 

method 

titration 

method 

method 

Sheep 

108 

106-5 

106 

108 

Ox 

86-5 

86-8 

87 

Standard 

Pig 

71-4 

72-2 

70 

71-2 

Ox (corpuscles) 

99-4 

— 

99 

99-3 

Rabbit 

59-5 

— 

59 

59-2 

Cat 

57-8 

— 

58 

57-2 

Sheep 

110-8 

109 

110 

110-7 

Pig 

84-3 

86 

85 

84 

The values calculated from the gasometric method agreed very closely in 


all cases with those by the cyanohaemoglobin colorimetric method. The values 
by the PleischbMiescher method varied slightly owing to a greater difficulty 
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in matching the colour. (The tints of the blood solution, when fully saturated 
with carbon monoxide, compared satisfactorily with the standard wedge with 
the exception of rabbits’ blood which gave a yellower tint.) Determinations 
of the exact colours were also made by the Rosenheim-Schuster colorimeter, 
and some of the results are given which may possibly be useful for reference. 


Colour values of haemoglobin solutions . 

Normal human blood diluted 1:100 
Specimen Tintometer units 

Oxyhaemoglobin Red 15-0; yellow 1*5 

Carboxy haemoglobin Red 20*2; yellow 0*2 

Cyanohaemoglobin Red 12-0; yellow 4*2 

B. Patients' blood . 

The absolute haemoglobin content as found by the gasometric method is 
given in Table HI. 


Table III. Haemoglobin content of patients' specimens . 

Males Females 


Hb. content 

No. of specimens 

% 

No. of specimens 

0/ 

/o 

Over 100% 

6 

16 

9 

10 

90-100 % 

20 

53 

30 

32 

80- 90 % 

9 

23 

39 

42 

70- 80 % 

3 

8 

11 

12 

Below 70 % 

0 

0 

3 

3 


In only comparatively few cases was there any serious deficiency in the 
quantity of available haemoglobin. The average haemoglobin content for the 
whole series was 93 % for males and 89 % for females. 

Table IV gives the results in 20 irhselected cases, 10 male and 10 female. 


Table IV. 


Sex 

Oxygen from 
100 cc. blood 
cc. 

% Hb. by 
oxygen 
evolved 

% Hb. by 
cyano-Hb. 
method 

% Hb. by 
CO-Hb. 
method 

Notes 

M. 

16-2 

87*6 

88 

86 

_ 

>> 

16-1 

87*0 

88 

88 

_ 

99 

17*6 

95*3 

95*6 

95 


»» 

16-5 

89*2 

96*5 

96 

7*3 % inactive Hb. 

99 

18*0 

97 

97 

98 

— 

99 

19*8 

107 

107 

108 

_ 

» 

17*5 

95 

94 

93 


»* 

17*0 

92 

98 

96 

6 % inactive Hb. 

}> 

17*1 

92*6 

93 

93 

—- 

99 

16*8 

90*0 

91 

90 


F. 

17*0 

92 

92 

92 

... 

*» 

16*0 

86 

86 

86 

... 

it 

15*9 

86 

87 

87 


99 

20*1 

108*5 

110 

110 

1*5 % inactive Hb. 

99 

15*5 

84 

84*8 

85 

99 

19*6 

108 

106 

106 

—- 

99 

18*4 

88*5 

92 

91 

3*5 % inactive Hb. 

99 

17*5 

95 

93*5 

95 


99 

15*9 

86 

86 

86 


99 

16*5 

89 

89 

88 

— 
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Three of the above specimens gave low results by the oxygen method as 
compared with the colorimetric and titrimetric methods; this indicates the 
presence of inactive haemoglobin. 

Among the total 100 cases, 28 showed deficient oxygen capacity compared 
with the theoretical. In all these the difference exceeded 2*5 %, the greatest 
deficiency being 12*5%, which was observed in two specimens; neither of 
these patients had received treatment with sulphona) or allied drugs. 

In accordance with previous supposition of the effect of intestinal disease, 
the 100 cases contained a large number whose blood showed a positive agglu¬ 
tination by the Widal test. (See Table VI.) 

A number of cases showing deficient active haemoglobin were examined 
at intervals of several weeks. In most cases the deficiency persisted for a 
long period. The following table is included to illustrate this important finding. 


Table V. Haemoglobin in blood of special cases . 


Name 

Date 

Sex 

% Hb. by 
gaaometric 
method 

% Hb. by 
colorimetric 
method 

0 / 

/o 

difference 

H.F. 

14. iii. 29 

F. 

95 

100 

5 


3. v. 29 

tt 

89 

97 

8 

ft 

30. v. 29 


99-3 

109 

9-7 

♦» 

14. \i. 29 


101 

113 

12 

A.S. 

24. v. 29 


72-6 

83 

10-4 

»» 

14. vi. 29 


74 

80 

6 

A.J. 

14. vi. 29 


80 

86-5 

6-5 

*» 

16. v. 29 


71-5 

82 

10-5 

B.W. 

19. vii.29 


90 

99 

9 

*t 

25. vii. 29 


81 

87-3 

6-3 

tt 

30. viii. 29 


85*1 

92 

6-9 

rt 

5. ix. 29 


91 

102-8 

11*8 

D.G. 

30. viii. 29 


82-4 

92 

9-6 

if 

5. ix. 29 


84 

89 

5 

M 

18. ix. 29 


101-3 

107-1 

5-8 

L.S. 

1. viii. 29 


90 

100-8 

10-8 

a 

5. ix. 29 


79 

88 

9 

D.R. 

5. vii. 29 

M 

92 

98 

6 

tt 

2. viii. 29 


92-5 

98 

5-5 

K.P. 

27. vi. 29 


89-2 

96-5 

7*3 

tt 

2. viii. 29 


85 

91 

6-0 

J.G. 

5. ix. 29 


95 

107 

12-0 

H.H. 

26. ix. 29 


103 

110 

7-0 


Table VI. 


Widal agglutination 


Cases with over 2 % 

Average % of 

reaction 

No. of cases 

of inactive pigment 

inactive pigment 

+ 

52 

27 

4-2 

- 

38 

1 

0-38 


A simple test for methaemoglobin . 



The following test demonstrates the presence of methaemoglobin when 
5 % or more is present in blood; with the simple type of spectroscope about 
20 % of methaemoglobin must be present for reliable detection. 

0*20 cc, of blood is saturated with carbon monoxide (coal-gas) in a tono¬ 
meter and then diluted with 40 cc. water saturated with carbon monoxide. 
10 cc. are transferred to each of two similar tubes and 1 drop of 2 % ammonia 
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is added to each. The air is displaced by coal-gas from the tubes, which are 
corked and shielded from bright light. To one tube 0-5 cc. of 1 % KCN is 
added, and to the other 0*5 cc. of freshly made solution of 1 % sodium hydro- 
sulphite, avoiding undue exposure to air. The stoppers are replaced and the 
tubes gently inverted. The methaemoglobin of the one tube is converted to 
brownish-red cyanohaemoglobin, and the methaemoglobin in the other is 
first reduced to haemoglobin followed by formation of carbon monoxide- 
haemoglobin. The colour difference is recognised by naked-eye comparison. 
The colours produced were quite stable when air was excluded. 


Discussion. 

The presence of inactive haemoglobin has been found to occur in one 
quarter of the cases examined, the amount in two cases being as much as 
12 %. It is submitted that the amount of inactive haemoglobin under certain 
circumstances is very much higher than this, and further work is being con¬ 
tinued with acute cases. 

The presence of inactive haemoglobin has been correlated with diseased 
conditions of the intestinal tract. Such diseased conditions are very frequent 
in cases of mental disorder, and evidence of blood infection apart from 
clinical disease can be obtained from the agglutination reaction of the blood 
in about one quarter of the cases admitted to the mental hospitals investigated 
(Birmingham) [Pickworth, 1927, 1928], 

Table VI shows the relation of inactive haemoglobin to a positive agglu¬ 
tination reaction. The close correlation is obviously more than coincidence and 
tends to confirm the view that an infected intestinal tract allows the absorp¬ 
tion over a large area of bacteriaund toxic substances which deprive the 
blood of its primary function, that of oxygenation. Other visceral conditions 
of focal sepsis of the upper respiratory tract, the fatty liver and kidneys and 
the atheroma of the blood vessels, so often found in cases of mental disorder, 
support this view. 

Buseaino [1923, 1926] has also described lesions of the small intestine and 
holds that a toxic substance is absorbed, especially in acute confusional 
insanity and in dementia praecox. He suggests that in these cases the liver 
does not function normally and that amino-acids become decarboxylated, 
giving rise to poisonous amino-compounds. Stewart [1929] suggested that 
this toxic compound is tyramine and demonstrated that tyrosine was de¬ 
stroyed with production of the amine by the intestinal bacteria from cases 
of acute insanity. 

Boyd [1923] found histamine in the intestines of children dying from 
intestinal toxaemia. Looney [1924] has described toxic amines in the blood 
of mental patients in the depressed phase. 

A number of animal experiments have been conducted with a view to 
reproducing some of these conditions. 
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1. Effect of chemical reagents, (a) A rabbit, 2000 g., was injected intra¬ 
venously with the following quantities of sodium nitrite at intervals of 
30 minutes: 0*25, 0*5, 1*0, 1*5, 2*0 cc. of 2 % solution, 2*0 cc. of 5 % solution. 
Blood samples were taken after 12 hours. The haemoglobin value was 70 %. 
but no inactive haemoglobin was demonstrated. (Sodium nitrite readily 
produces methaemoglobin in vitro.) This experiment shows how quickly 
methaemoglobin disappears from the blood. Haldane found that methaemo¬ 
globin disappeared in about 4 hours. 

(h) A rabbit, 1500 g., was injected intravenously with 5 cc. of 5 % sodium 
nitrite solution. A blood sample taken 40 minutes later contained 64*2 % of 
blood-pigment by the Stadie method. Only 21*6 % was oxyhaemoglobin, the 
capacity being 4*0 cc. 0 2 per 100 cc. Thus 42*6% of methaemoglobin was 
present. The blood was dark and when saturated w r ith carbon monoxide 
yielded a brown-coloured solution. The animal died shortly after. 

(c) A cat, 900 g., was given 5 grains phenacetin by mouth on five suc¬ 
cessive days. The total haemoglobin content of samples taken after the last 
dose was 45%, and the active pigment amounted to only 34% (8*4 cc. 
oxygen per 100 cc. blood). Thus 11 % of inactive material was present. The 
blood was dark and the animal anaemic. The presence of the inactive pigment 
was also demonstrated by the special test described. (Young [1926] asserts 
that aniline and certain derivatives do not produce methaemoglobin when 
administered to animals and that the dark colour of the blood in such cases 
is due to p-aminophenol.) 

2. Effect of bacterial injections, (a) Experiments were made in which 
emulsions of Streptococcus mitis and S. faecalis were injected intravenously 
into rabbits. In neither case was there any indication of inactive pigment 
in the blood. 

( b ) An emulsion of 0*2 cc. of B. nitrosobacter was injected intravenously 
into a rabbit. A specimen of blood taken 2 days later had an oxygen capacity 
of 11*7 cc. 0 2 per 100 cc., i.e. 63% of the normal Hb. content. The total 
haemoglobin by the Stadie method was 70%, i.e. 7 % of inactive haemo¬ 
globin was present. 

(c) The following injections of T.A.B. vaccine (2000 x 10 6 organisms per 
cc.) were made intravenously into a rabbit of 2000 g. weight. 3 cc. on 3. xii. 29, 
6 cc. on 9. xii. 29, 12 cc. on 17. ix. 29, 20 cc. on 23. ix. 29. After each injection 
samples of blood w r ere examined, but in no specimen was inactive pigment 
demonstrated. In spite of the enormous doses the animal remained apparently 
well. 

{&) A rabbit, 2000 g., was injected with 5 cc. of emulsion of B. enteritidis 
Gaertner (20 x 10 9 organisms per cc.). A blood sample taken 24 hours after 
the injection contained 15 % of inactive haemoglobin, the active oxyhaemo- 
globin being 54 %. The animal died 40 hours after the injection. 
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The nature of the inactive pigment . 

The chemical properties of the inert pigment are similar to those of 
methaemoglobin, and differences, if they exist, can only be ascertained by 
complicated quantitative spectroscopic analysis. It does not yield oxygen to 
ferricyanide or a vacuum, is unaffected by carbon monoxide, and has a 
brownish colour; it is reduced by sodium hydrosulphite. 

The occurrence of similar pigment in pathological blood has been described 
by a number of workers. Harrop [1919], in describing two cases of pneumonia, 
concluded that methaemoglobin was responsible for the deficiency in oxygen 
capacity. Haldane [1929] attributed the fatal character of the influenza epi¬ 
demic of 1918 to the production of methaemoglobin by the infecting organisms. 

Parahaematin or cathaemoglobin has been described by Arnold [1900], 
v. Klaverin [1901] and by Keilin [1926]. This substance does not yield oxygen 
to a vacuum or to ferricyanide, but possesses a spectrum very similar to 
oxyhaemoglobin. 

Loeb, Bock and Fitz [1921] describe two cases of nitrobenzene poisoning 
in which the oxygen capacity by the colour should have been 20 cc. 0 2 per 
100 cc. blood. Actually the values 6-2 and 8*9 cc. were obtained, but no 
methaemoglobin could be detected spectroscopically. Peabody [1913] also 
found a fall in the oxygen capacity of guinea-pigs after injection with massive 
doses of pneumococcus. No spectroscopic evidence of methaemoglobin could 
be found. 

Ray [1928], Ray and Stimson [1927], Stimson [1927], and Stimson and 
Houbitz [1928] have observed an inactive substance in the blood of rabbits 
and dogs after removal of the spleen or 80 % of the liver and also following 
administration of nitrobenzene into the stomach. The maximum amount 
found was 15 %. It disappeared fh>m the blood after 7 hours in the nitro¬ 
benzene experiments and not until 5 days following splenectomy. 

Carbon monoxide-haemoglobin, sulph-haemoglobin, and nitric oxide- 
haemoglobin, which are useless for respiratory purposes, have been sought 
for but were not found in any of the specimens. 

Summary. 

The oxygen capacity of blood has been compared with the total haemo¬ 
globin content in order to find out whether derivatives of haemoglobin, useless 
for respiratory purposes, occur in the blood of mental patients. 

A special form of apparatus of the Haldane type has been devised, yielding 
results of greater accuracy and reliability than heretofore. 

The haemoglobin was determined by the Stadie cyanohaemogiobin method, 
the Fleischl-Miesoher haemoglobinometer and a titration of the actual iron 
content by the titanium chloride method. 

130 specimens from 100 cases have been examined, and in 28 cases de¬ 
ficient oxygen capacity has been recognised. The difference between the active 
and total haemoglobin varied from 2*5 to 12*5 %. 
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The presence of inactive pigment can, in many instances, be correlated 
with positive Widal agglutination reactions to organisms of the enteric group, 
and these infections may prove of importance in the aetiology of this pigment. 

The above work has been carried out in the laboratories of the Joint Board 
of Research for Mental Diseases, City and University of Birmingham. 

Our thanks are due to Professor J. S. Haldane and Mr Ivon Graham for 
their help in the perfecting of the apparatus employed, and also to Dr T. C. 
Graves, Superintendent of the Birmingham City Mental Hospitals and the 
Medical Officers of the Institutions, for facilities in obtaining the specimens. 
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P. 365 footnote 

“Curve B” should read “Curve C 
P.372 Table l 

In columns “ Precipitate-N ” and “ Filtrate-N ” the headings 
“%” and “mg.” should be reversed, 

P.376 line 4 

“Arginine 35*4 mg.” should read “Arginine 351*4 mg.” 

P. 607 line 2 from top 

For “2 minutes” read “20 minutes.” 




XCIIL THE NATURE OF THE BLOOD-SUGAR. 
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Isolation of the blood-sugar has been seldom attempted. Hedon [1898] 
worked with the blood of depancreatised dogs. The proteins were separated 
by dialysis for several days at low temperature, and the solution containing 
the sugar was evaporated to a syrup in open vessels at 60-70°. Partial 
purification was effected by precipitation with neutral lead acetate; the filtrate 
after removal of lead was evaporated. The solid precipitated from the syrup 
by addition of ether gave glucosazone on heating with phenylhydrazine. 
The reducing power determined by titration with Fehling’s solution showed 
a considerably greater glucose content than that deduced from the optical 
activity. Similar results were obtained with the blood-sugar of the horse; 
the glucose content estimated by the polarimeter was rather more than half 
that found by titration. Hedon found substantial agreement between the 
two methods in the ease of sugar prepared from urine in diabetes, and con¬ 
cluded that the urinary sugar differed from that of the blood, undergoing 
some modification at the moment of its secretion. Hanriot [1898] used horse 
blood, which was deproteinised by boiling with sodium sulphate; the filtrate 
was concentrated and the syrup purified by repeatedly dissolving in methyl 
alcohol and precipitating with ether. A dry powder was obtained, and when 
the sugar was estimated by Fehling’s solution or polarimetrically there was 
good agreement. The sugar could be converted into glucosazone or para- 
chloralose. Neither Hedon nor Hanriot records analyses or melting-points of 
the substances isolated by them, nor was the sugar pure enough to show muta- 
rotation. The sugar content given by the polarimeter was deduced from the 
equilibrium value of a- and /J-glucose. This value w T as also used in the calcula¬ 
tion of the sugar content of blood-filtrates by Winter and Smith [1923] and 
compared w r ith that found by estimation of the copper-reducing power. It was 
found that blood-filtrates from normal men and animals showed a marked 
discrepancy between the figures obtained by the two methods, but that this 
difference disappeared in the course of some days. On the other hand, in 
diabetes the values agreed from the outset, and it was suggested that the sugar 
was of a different type in the two cases. Subsequently, Lundsgaard and 
Holboll [1925] came to a similar conclusion. Denis and Hume [1924] repeated 
the experiments of Winter and Smith [1923] and concluded that the changes 
in optical activity on keeping the sugar solutions were due to contamination 
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with micro-organisms; the changes recorded by them were, however, in the 
opposite direction. In all the above experiments observations were made on 
sugar solutions contaminated with varying amounts of other substances. The 
object of the present work was to separate the sugar from normal blood in such 
a way as to enable it to be identified with certainty. 


Experimental, 

The blood of the rabbit has been used throughout. The animal having 
been killed by a blow on the head, the throat is cut and the blood received 
into a shallow basin. The blood is defibrinated by whipping and the volume 
measured. The proteins are precipitated with the Folin-Wu reagents, seven 
volumes of water being used for dilution. After vigorous shaking the mixture 
is allowed to stand for an hour and then filtered through papers which have 
been very thoroughly washed with water. When filtration is complete the 
precipitate is washed with a little cold water. The total volume of filtrate 
measures about 800 cc. for 100 cc. blood. Concentration, which is carried out 
in vacuo at 35-40° until the volume is rather more than half the original 
volume of blood, should be completed in 2-3 hours. The concentrated solution 
is transferred to a flask, and the distilling flask washed out with saturated lead 
acetate, 0-5 cc. per cc. blood. The lead acetate is added to the sugar solution. 
After shaking, the mixture is allowed to stand for an hour. The bulky precipi¬ 
tate is centrifuged, and washed with small amounts of water. The clear solut ion is 
cooled in ice, and made alkaline with strong ammonia. The precipitate is allowed 
to settle for a few hours, being kept cold, and then separated by the centrifuge. 
A fifth of the previous quantity of lead acetate is added to the fluid, and a 
further small amount of ammonia. Tfie second precipitate is centrifuged in the 
same cups as contain the first. The precipitate is stirred up with 80 % alcohol 
until all lumps have disappeared and then spun down. The washing is repeated. 
The cups and precipitate are dried in a vacuum over sulphuric acid. The lead 
compound may be kept for some time in the dry state if convenient. The dry 
precipitate is weighed and replaced in a centrifuge cup. For each gram 2 cc. 
2 N sulphuric acid are added, and the precipitate is disintegrated with a glass 
it>d; almost continuous stirring for 10 minutes is advisable for complete 
decomposition. If not acid to litmus further acid is cautiously added, with 
stirring, until a test sample is distinctly acid. The fluid is separated in the 
centrifuge and transferred to a measuring cylinder. The precipitate is stirred 
with a small amount of water, separated, and the washing added to the first 
solution. The volume is noted. The solution is transferred to a small flask, and 
4 volumes of strong alcohol are added gradually, shaking between each addition. 
The lead precipitate is washed twice with 5 cc. of 80 % alcohol,and the washings 
are added to the flask. It is advisable to allow a day in the cold chamber 
for complete precipitation; haste at this stage is liable to cause difficulty 
later. The solution of the sugar in alcohol is centrifuged, and the fluid, which 
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should be quite clear, is separated. It is better not to wash the precipitate 
as there is a tendency to form a colloidal suspension. The solution is cooled 
in ice, and a slight excess of 10 % baryta in methyl alcohol is added. After 
standing for an hour in ice, the barium compound is separated in the centrifuge 
and washed twice with cold 80 % alcohol. The precipitate is suspended in 
80-100 cc. of 80 % alcohol, warmed to 40°, and decomposed with a rapid 
stream of C0 2 for 2 hours. After 24 hours in the cold room the carbonate is 
filtered off, and the solution completely evaporated under reduced pressure. 
To the distilling flask 15 cc. of 80 % alcohol are added, a trace of insoluble 
matter is filtered off, and the solution allowed * o evaporate slowly in a small 
basin over sulphuric acid. There is left a colourless syrup which begins to 
crystallise on stirring. Very soon there is a hard crystalline mass which is 
removed, rapidly washed with alcohol, and dried. The yield from 100 cc. blood 
averages 36 mg. To obtain pure «-glueose the crude product is twice re¬ 
crystallised from dry methyl alcohol, best by allowing the solvent to evaporate 
very slowly at room temperature; the sugar crystallises in fine needles which 
are washed with alcohol and dried in a vacuum over sulphuric acid. 

Malting point . 145-146° (uncorr.). 

Analysis . (Micro-analyses by Dr Ing. A. Schoeller, Berlin.) 

C 39*87, 39*73 %; H 6*71, 6*64 %. 

C e H 12 0 6 requires C 40*00 %; H 6*66 %. 

Optical activity. All readings were taken in a 1 dm. tube of 4 mm. bore. 
Only 1*5 cc. of fluid are required, and it is possible with this tube to obtain 
as great a degree of accuracy as when a tube of standard bore is used. The 
polarimeter was a three field instrument; a half shadow angle of 1° was used. 
All readings agreed within 0*02°. The substance shows mutarotation in water 
and dry methyl ijleohol; the rate of change in the latter solvent is slow. 
17*4 mg. were dissolved in 1*6010 g. water, c 1*08. 

Tim© (hrs.) 0-08 1 1-5 3 1 9 0 18 

a +1*36 100 0-90 0-80 0-66 0-66° 

[aP° +125 92 83 74 61 61 3 

C4fll 

8*4 mg. were dissolved in 1*6155 g. methyl alcohol (d. 0*799). c = 0*41. 

Tim© (hrs.) 0 08 7 22 44 

a +0*56 0*52 0*50 0*46° 

[a] 1 *’ +136 126 121 112° 

Molecular weight . Determinations were carried out by Barger’s method. 
Methyl alcohol containing 25 % of water was used as solvent, and urea as 
standard. 10*5 mg. sugar were dissolved in 0*522 g. methyl alcohol of d . 0*878, 
giving a concentration of 17*6 g. per litre. This solution was sealed in capillary 
tubes with the urea solutions. Tube 1 contained 0*09 M, tube 2, 0*li/, 
tube 3, 0*11 M urea. After reading, the tubes were left for 15 hours at room 
temperature. In tube 1 the urea was hypotonic, in tube 3 hypertonic. In 
tube 2 no increase or decrease took place in the size of the drops, giving a 
molecular weight of 176. In another experiment a value of 188 was obtained. 

54—2 
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Preparation of the phenybsazone. 85 mg. of the sugar were dissolved in 
4*5 cc. of water and 025 g. phenylhydrazine hydrochloride and 0*55 g. sodium 
acetate were added. The mixture was heated on a boiling water-bath for 
half an hour and allowed to cool slowly. The crystals were separated, washed 
with water, and recrystallised from dilute alcohol. Yield 32 mg. Rapidly 
heated the melting-point was 208-210°, unchanged when the substance was 
intimately mixed with a known sample of glucosazone. The optical activity 
of the product was observed when dissolved in a mixture of 6 parts of pyridine 
and 4 parts of absolute alcohol. 8*7 mg. in 1*5 g. solvent (d. 0-873). c = 0-50. 

Time (hrs.) 0-25 22 

a -0-40 (>‘22° 

[a] 130 - 80 40° 

L J 0461 

The following figures were obtained on analysis : 

C 59-76, 59-92 %; H 6-28, 6-18 %; N 15-57, 15-54 %. 

C 6 H ]0 O 4 (N : HN.C 6 H 6 ) 2 requires C 60-33, H 6-14, N 15-64 %. 

Preparation of the fi-penta-acetate . A mixture of 0-14 g. of the sugar and 
0*07 g. of freshly fused sodium acetate was heated with 0-7 cc. of acetic 
anhydride in a small tube fitted with a reflux condenser. After 2 hours at 
100° 4 cc. of cold water were added. The oil which precipitated rapidly 
crystallised on stirring. The product was washed with several changes of cold 
water, and three times recrystallised from 90 % ethyl alcohol, in order to 
remove as much of the a-compound as possible. Yield 34 mg. m.f. 124-125°. 
M 5461 8=8 + 5*5° (in chloroform). 

C 48-84, 49-54 %; H 5-77, 5-90 %. 

C 6 H 7 0 6 (0C.CH 3 ) 5 requires C 49-23; H 5-64 %. 

From a consideration of the exj>eriments described it seems clear that 
the blood-sugar consists largely of glucopyranose. It has not been possible 
during the present work to obtain definite evidence as to the presence of any 
other sugar. The accepted figure for the concentration of reducing substances 
in normal blood varies from 0-08 to 0-1 %, and the yield of crystalline glucose 
obtained, taking into account the losses attendant on the various precipita¬ 
tions, does not suggest that more than traces of other sugars can be present; 
this question is being considered in connection with the metabolism of lactose 
and will be dealt with in a later communication. In numerous experiments 
the mother-liquOr has been worked up further after crystallisation of the 
glucose; the syrup obtained has a strongly positive rotation, and gives gluco¬ 
sazone on treatment with phenylhydrazine. The source of the fasting blood- 
sugar is liver-glycogen. Recent views as to the constitution of this poly¬ 
saccharide agree that glycogen consists of a conjugated chain of a-glucose 
units [Haworth, Hirst and Webb, 1929]. When u-glueose is liberated by the 
action of the liver diastase in vivo it seems likely that under the influence of 
body temperature and blood alkalinity a mixture of the a- and ^-stereoisomers 
will be rapidly “established, unless there are some factors involved of Which 
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we have no knowledge. Allott [1928] working with rabbits, found no definite 
difference between the blood-sugar curves after injection of either isomer, or 
of the equilibrium mixture. The explanation of the low values obtained when 
the sugar in deproteinised blood-filtrates is estimated by the polarimeter is 
not yet clear. It has been suggested [Holden, 1926J that glutathione, or 
ergothioneine [Sjollema, 1927] may be responsible, but the experiments with 
rabbits after insulin [Winter and Smith, 1924] are difficult to reconcile with 
this view. When the blood-sugar was removed under the action of insulin and 
the blood-filtrates examined polarimetrically, a small positive value was 
always obtained. If any strongly laevo-rototory substances pass into the 
Folin-Wu filtrates they should become apparent when the glucose is re¬ 
moved, unless insulin has the effect of diminishing their concentration pari 
passu with the blood-sugar. 


Summary. 

The blood-sugar of the rabbit has been isolated as a-glucopyranose. 

I wish to thank Professor W. N. Haworth for his interest and advice. 
Part of the expense of this work was defrayed by a grant from the Govern¬ 
ment Grant Committee of the Royal Society. 
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XCIV. THE DISSOCIATION OF CALCIUM 

CITRATE. 

By WALDO JACKSON WILEY. 

From the National Institute for Research in Dairying, University of Reading. 

{Received May 9th, 1930.) 

It is often stated that the addition of a citrate to milk prevents clotting by 
rennin because an unionised calcium citrate is formed, thus removing the 
calcium ions from solution, these ions being considered essential for the 
clotting process. The prevention of the clotting of blood by citrates is explained 
in the same way. 

It is not the purpose of this paper to discuss the clotting phenomenon, but 
to record some measurements of the dissociation of calcium citrate. However, 
it must be pointed out that there is some confusion on the subject. A typical 
analysis of milk-serum [Van Slyke and Bosworth, 1915] shows a concentration 
of 0-465 g. of calcium per litre and 2*37 g. of citric acid. The citrate is present 
in a larger proportion than is necessary for equivalence with the calcium, so 
if un-ionised tricalcium citrate were formed there would be no calcium ions 
present. Analyses in this laboratory have shown the above figures to be 
typical of milks which clot normally with rennin. If the theory mentioned in 
the first paragraph were quite correct, most milks would not clot, for there is 
normally enough citrate present to prevent this. 

Shear and Kramer [1928] and Shear, Kramer and Resnikoff [1929] give 
results of conductivity titrations of calcium salts with sodium citrate and 
claim that the results give 4 'direct evidence for the binding of calcium ions 
by sodium citrate in some kind of soluble complex.” They obtained a minimum 
conductivity when the added sodium citrate was approximately equivalent to 
the calcium present. As they adjusted the p H of their solutions with uncertain 
proportions of acid and alkali, it is impossible to make an estimate of the con¬ 
ductivity of the solution due to any calcium ions present. The only safe deduc¬ 
tion from their experiments seems to be that calcium citrate is less ionised 
than calcium chloride or sodium citrate at the same dilution. Stewart and 
^Percival [1928] state that they have found by conductivity measurements that 
calcium citrate is almost undissociated in solution, but they give no par¬ 
ticulars. It was, therefore, decided to publish the following measurements of 
the conductivity of simple calcium citrate solutions. 

Method and apparatus . 

Conductivities were measured by the usual method, using a metre bridge 
and post-office box with a small induction coil as source of current. The con- 
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ductivity cell was of 120 cc. capacity and contained electrodes of about 1 cm. 2 
area placed I cm. apart. Tlie cell constant was determined by the measurement 
of the conductivity of A T /10 potassium chloride at 18° [Reilly, Rae and 
Wheeler, 1920]. 

Conductivity water was obtained by redistilling water obtained from a still 
of the form described by Golding [1900], rejecting the first and last portions 
of the distillate. It was allowed to come to equilibrium with the atmosphere 
and usually had a conductivity of about 2 x 10~ 6 mhos. This was deducted 
from the values obtained for the conductivity of the solutions measured. 


Calcium citrate sol at ion. 

This was prepared by mixing concentrated solutions of A.R. calcium 
chloride and sodium citrate in equivalent proportions. Calcium citrate rapidly 
precipitated in the high concentration used and was washed repeatedly with 
distilled water by decantation until 500 cc. of the wash water, when con¬ 
centrated to 20 cc., gave no reaction for chlorides. The precipitate was then 
washed a further ten times with conductivity water and finally allowed to 
stand 2 days in contact with conductivity water in order to prepare the solution 
for conductivity measurements. This solution was obtained by careful decanta¬ 
tion from the solid calcium citrate. All this manipulation was done in one 
Pyrex flask and the solution stored in Pyrex glass. Xo attempt was made to 
obtain a saturated solution of calcium citrate but the difficulties encountered 
by Shear and Kramer in dissolving calcium citrate were avoided by this 
procedure. 

150 cc. of the solution evaporated to dryness and dried to constant weight 
at 3 50° gave 0*3050 g. of total solids containing 0*0251 g. Ca; Ca 3 (C 6 H 5 0 T ) 2 
requires 0*0253 g. 

Table I gives results of the measurements of conductivity of different 
dilutions of this solution at 38°. 


Table I. 


Normality of 
( a 8 (C 8 H fi < ) 7 ) 2 
solution 
000840 
0*00508 
0*00305 
0*00183 
0*00110 


Temperature 18°. 


Specific 

conductivity 

(mhos.) 

0*000170 

0*000118 

0*0000758 

0*0000408 

0*0000330 


Equivalent 

conductivity 

20*8 

23*2 

24*8 

27*2 

30*5 


Degree of 
dissociation, a 
0*188 
0*209 
0*224 
0*245 
0*275 


The degree of dissociation, a, was calculated by taking the values for the 
mobilities of the Ca ++ and citrate^ ions at 18° as 51 and GO respectively. 

On the assumption that we are simply dealing with the dissociation of 
Ca 3 (C 6 H 5 0 7 ) 2 it is seen that the dissociation at these high dilutions is small, 
but by no means negligible (cf. the slight dissociation found by Riley and 
Fisher [1929] for some metal malonates). 
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Titration of citric acid with calcium hydroxide. 

In order to confirm the above figures and to obtain data for more con¬ 
centrated solutions, conductivity titrations of citric acid solutions with calcium 
hydroxide solution were made. As there were no foreign ions present in these 
solutions it was possible to calculate the dissociation of the calcium citrate 
formed in the titration. 

The citric acid was recrystallised from A.R. grade citric acid, and the 
calcium hydroxide solution was prepared from lime obtained by heating 
Kahlbaum's chemically pure calcium carbonate. All solutions were made up 
using conductivity water. 

The results of a titration of J00 cc. of 0*0104 N citric acid with 0*0455 N 
calcium hydroxide at 18° are shown in Fig. 1. An electrometric titration of the 
same solutions is also graphed. This was made by using the quinhvdrone 



•-- Sp. conductivity. x-x ;> H , 


electrode for p H measurements. There is a sharp break in the conductivity 
curve when the calcium hydroxide is present in the proportion necessary for 
the formation of tricalcium citrate and this end-point is confirmed by the 
electrometric titration. The volume of calcium hydroxide solution added at 
the end-point and the conductivity of the resultant calcium citrate solution 
are readily obtained from the curve, and so the normality of the solution with 
respect to calcium citrate, and the dissociation, may be calculated. 

Similar titrations were made of various concentrations of citric acid. The 
most concentrated solution used was 0*0414 N at the end-point. This is com¬ 
parable to the usual concentration of “citric acid” in milk (about 2 g. per 
litre). At this concentration the solution is super-saturated. It was found that 
the conductivity obtained immediately after adding the equivalent proportion 
of calcium hydroxide did not vary over a period of 5 hours. After standing for 
about a week calcium citrate had precipitated but the change in conductivity 
over this period was not investigated. 
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Table II gives the results of these titrations performed at different dilutions. 

Table II. 


Normality of 
Ca a (C e H 6 ()-) 2 
at end-point 
0-0414 

0020:} 

0-0 J 34 
0-00844 
0-00425 
0-00214 


Temperature 18°. 


Specific 

conductivity at 
end-point (mhos.) 
0-000672 
0 000496 
0-000248 
0-000170 
0-000100 
0-000050 


Equivalent 

conductivity 

16-3 

16-9 

18-5 

20-2 

23-5 

25-7 


Degree of 
dissociation, a 
0-147 
0-152 
0-166 
0-183 
0-212 
0-232 


The values obtained for the degree of dissociation bv the two methods 
are shown in Fig. 2, where they are plotted against normality of the solution. 



There is close agreement between the values. Of course the numerical values 
obtained for the degree of dissociation could not be transferred directly to 
such solutions as milk and blood. The effect of ionic concentration on the 
dissociation of such a substance as calcium citrate is uncertain. However, the 
figures give some idea of the order of magnitude of the dissociation. 

Summary. 

The dissociation of tricalcium citrate in aqueous solution at 18° has been 
studied, and values for the degree of dissociation are recorded. 
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Introduction. 

In 1922 Jameson, Drummond and Coward [1922] studied Nitzschia closterium , 
a typical unicellular marine diatom, and showed that it possessed considerable 
growth-promoting activity. At that time the fat-soluble vitamins A and I) 
were not differentiated, and these tests, therefore, did not preclude the 
possibility of the observed growth being due to a factor other than vitamin A. 
This possibility was indirectly supported by the observation of Drummond 
and Watson [1922] that the oil from this organism failed to give a positive 
colour reaction with strong sulphuric acid which Rosenheim and Drummond 
[1920] had previously shown to be associated with vitamin A. On the other 
hand, in view of the experiments of Leigh-Clare [1927] it seemed improbable 
that the growth-promoting activity could be ascribed to vitamin D. 

Recently the specificity of the colou^reactions of vitamin A with AsC1 3 and 
SbCl 3 , described by Rosenheim and Drummond [1925] and by Carr and Price 
[1926], in support of which a weight of evidence has accumulated during 
the last few years, has been questioned by various investigators. The dis¬ 
crepancies have been satisfactorily explained by Drummond and Morton 
[1929] and by Ahmad and Drummond [1930], but the controversy recalled the 
earlier observations of Drummond and Watson [1922] regarding the oil from 
Nitzschia closterium which, though apparently a potent source of vitamin A, 
did "not give the colour reaction. It was decided, therefore, to repeat the 
experiments, and also get a more quantitative estimate of the activity of this 
organism in the light of our present knowledge of the subject. 

Experimental. 

¥ollowing mainly the technique of Allen and Nelson [1910], large quantities 
of the organism were grown from a pure culture obtained by the courtesy of 
Dr E. J . Alien, F.R.S., Director of the Marine Biological Laboratory, Plymouth. 

100 cc. of sea water, to which Miquel s nutrient solutions, as modified by 
Allen, bad been added, were placed into each of a large number of conical 
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Pyrex flasks of 250 cc. capacity, plugged with cotton-wool and sterilised in 
steam at 95° for 20 minutes on three successive days. Each flask was then 
inoculated with 0*01 cc. of the pure culture and placed in front of a window 
in diffused daylight. The bottoms of the flasks were soon covered with a brown 
growth of the organism. 

A large quantity of the organism being required, cultures and subcultures 
were continued for a period extending over a year. Cultures usually stopped 
growing after 4-0 weeks. During the winter months when the daylight was 
poor the growth was scanty. 

Four to six weeks-old cultures were filtc? c ‘d on a tared filter, dried in a 
vacuum desiccator and weighed. They were stored in a desiccator, which had 
been re-evacuated after the air had been replaced by nitrogen, in a cool, dark 
cupboard. The oil was extracted with redistilled ether by continuous extrac¬ 
tion in Soxldet's apparatus. Nitrogen was passed in during the extraction 
and other precautions were taken to prevent oxidation. 

The results of culture experiments are summarised in Table I. 


Table I. 


Crop 

Time of year 

Vol. of the 
culture sol. 
(litres) 

Dry \vt. of 
organism 
“lg-> 

Quantity of 
oil obtained 
(g*) 

1 

Apr. ami May 

3-7 

3 55 

0-103 

2 

June, July and Aug. 

12-5 

11-74 

— 

3 (a) 

Sept, and Oct. 

o*5 

5* 53 

0156 

(ft) 

Sept, and Oct. 

30 

MO 

— 

4 

Oct., Nor, and Dec. 

15-5 

9*075) 


5 

Dec., Jan. and Feb. 

150 

2* 705) 

0-374 


Under satisfactory conditions of growth approximately 1 g. of the dry 
organism was obtained from each litre of a month-old culture. During the 
dark winter days the yield fell even below 0*2 g. per litre. The amount of the 
oil in the dry organism was, however, fairly constant and varied between 
2*8 and 3*1 %. 

The oil is extremely rich in natural plant pigments, chlorophyll, xantho- 
phyll, carotene, and fucoxanthin, the characteristic pigment of the brown 
algae. It gave a strong blue colour reaction with SbCl 3 . Drummond and 
Watson failed to get the colour reaction with H 2 S0 4 , probably because they 
had rather a small amount of the material available, and because with this 
reagent the test is not very delicate. 

Table II shows the yellow and blue colour units given by 10 % solutions 
in a I cm. cell and examined in the Bosenheim-Schuster colorimeter . In the 
case of blue units the figures refer to 0*2 cc. of 10 % oil mixed with 2 cc. of 
SbCl 3 reagent, and examined alter 30 seconds. The technique of Carr and 
Price [1926] was mainly followed , though 10 % values were obtained from an 
intensity-dilution curve as explained in our previous communication [Ahmad 
and Drummond, 1930]. 
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The pigment of Nitzschia closterium interferes with the application of the 
SbCl 3 reaction. Attempts have been made to obtain the non-saponifiable 
fraction of the oil in order to remove chlorophyll, but sufficient material was 
not available. For this reason the measurement of the blue colour must be 
regarded as approximate. 



Dilution 

Table II. 

Colour units 

Blue units with 

Crop 

O' 

/o 

1cm. cell 

SbCl„ reagent 

1 

10 

3,000 yellow 

420 red 

57-1 blue 

52*4 yellow 

3(a) 

10 

10,000 yellow 

830 red 

100-150 blue 
100-120 yellow 

4, 5 

10 

10,000 yellow 

800 red 

100-150 blue 
100-120 yellow 


The technique of the biological test was that usually employed in this 
laboratory [see Drummond and Morton, 1929], The basal diet consisted of 
purified caseinogen, rice starch and salt mixture without the addition of any 
extraneous fat. Vitamin D was supplied as irradiated ergosterol dissolved in 
medicinal liquid paraffin, and 0*01 mg. was given twice a week to each rat. 
Ethyl laurate was used as a diluent for the oil. Its satisfactory nature has been 
shown by Drummond, Ahmad and Morton [1930]. 

For feeding, the filter-paper with the organism was broken up into small 
pieces, mixed with a small quantity of water and the basal diet, and worked 
up into a dough. This was given to the rats in aliquot portions on small 
porcelain dishes. They devoured it readily. 

The results of the biological tests are shown in Table III, and Figs. 1-3 show 
some representative curves. 


Table hi. 


No. and sex 

Doso and its nature 

Total 
days of 

Total 

difference 

Rate of 
growth pe 

of rat 

test 

in wt, (g.) 

week (g.) 

27 3 

0*2 mg. oil 

16 

- 3 

- 1*3 

26 5 

0*4 mg. oil 

16 

0 

0 

28 

1*0 mg. oil 

16 

- 11 

- 4*8 

69 o 

0*35 g. organism 

21 

4- 45 

4 15*0 

70 O 

0*35 g, organism 

21 

4 31 

4 - 10*0 

72 

0*1 g. organism 

21 

4 27 

4 - 9-0 

95 $ 

5*0 mg. oil 

14 

4 13 

4 - 6*5 

362$ 

1 mg. oil 

7 

0 

0 


5 mg. oil 

14 

4 - 15 

4 * 7*5 

385 <} 

2 mg. oil 

11 

- 5 

- 3*2 


0*3 5 g. extracted organism 

7 

- 3 

- 3*0 


0*15 g. extracted organism 

14 

4 30 

4 15*0 

388? 

plus 5 mg. oil 

3 mg. oil 

11 

4 - 2 

4* 1*2 


5 mg. oil 

14 

4 - 15 

4 7*5 
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Discussion. 

The feeding experiments conclusively indicate that Nitzschia and the 
oil obtained from it are good sources of vitamin A. The extracted oil gives 
a positive reaction with SbCl 3 and the apparent discrepancy observed by 
Drummond and Watson does not exist. 

The extreme richness of the oil in the natural plant pigments will be clear 
from a study of Table II. The greater part of the colour is due to chlorophyll 
and xanthophyll, both of which are inactive as a source of vitamin A [Willi- 
mott and Moore, 1927]. Carotene, whose relation to vitamin A is supported 
by increasing evidence, is also present, and it is possible that the greater part 
of the physiological activity of the oil is due to this pigment. A spectroscopic 
examination would have indicated the part of the activity due to carotene and 
the part due to vitamin A, but unfortunately enough material was not available 
for this to be made. If we compare the biological activities of this pigmented 
oil and carotene (rat dose 5 mg. and 0-005 mg. respectively) and their re¬ 
spective yellow colours (10,000 and 300,000 Lovibond units in 10 % dilution 
in 1 cm. cell), we find that the whole of the biological activity of the oil can 
be accounted for if 3 % of the yellow pigment present be carotene. This is 
interesting when considered with the earlier observations of Steen bock and 
his colleagues pointing to the association of the lipochrorne pigments and 
vitamin A activity of vegetable sources; of Coward [1923] that the lipochrorne 
chiefly concerned in this association was carotene; the more recent work on 
the activity of carotene; and our own observations and that of Moore [1929, 
1930] that from the livers of rats fed on large quantities of carotene (0*02- 
0*05 mg. per day) a colourless or a lightly coloured fat is obtained which gives 
an intense colour reaction with SbCl 3 . 'It will probably not be far from the 
truth if it is suggested that these diatoms are the ultimate source of vitamin A 
of the fish-liver oils, and that a similar change takes place in the cod or the 
intermediate fauna giving rise to the stores of the colourless vitamin A present 
in the liver oils. It also explains w T hy liver oils of fish may be very pale in 
colour and at the same time very rich in vitamin A, a fact which had rather 
perplexed the earlier supporters of the view that vitamin A was related to a 
lipochrorne pigment. 

Summary. 

1 . The oil obtained from a marine diatom (Nitzschia closterium) growing 
in pure culture, has been studied both colorimetrically and biologically as a 
source of vitamin A. 

2 . It has been found that the oil is very potent in t his respect and gives 
a strong colour reaction wdth SbCl 3 . 

3. The greater part of the biological activity of the oil is probably due to 
carotene, synthesised by the organism, and extracted with the oil. 



DIATOM AS SOURCE OF VITAMIN A 865 

In conclusion, I desire to thank Prof. J. C. Drummond for his kind help and 
advice throughout the course of this investigation, and the Medical Research 
Council for a grant in aid of the expenses. 

REFERENCES. 

Ahmad and Drummond (1930). Biochem. J. 24, 27, 

Allen and Nelson (1910). Quart. J. Micros. Soc. 55, 3f>. 

Carr and Price (19*26). Biochem. J. 20, 497. 

Coward (1923). Biochem. J. 17. 156. 

Drummond, Ahmad and Morton (1930). Chem. hid. 49, 291 T. 

-and Morton (1929). Biochem. J . 23, 785. 

-and Watson (1922). Analyst , 47, 341. 

Jameson, Drummond and Coward (1922). Biochem. J. 16, 482. 

Lei^h-Clare (1927). Biochem. J. 21, 368. 

Moore (1929). Lancet, ii, 380. 

-(1930). ( hem. Ind. 49, 238. 

Rosenheim and Drummond (1920). Lancet , i, 862. 

-(1925). Biochem. J. 19, 753. 

Willimotl and Moore (1927). Biochem. J. 21, 86. 
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PRESENT AS GLYCERIDES IN THE LIVER OIL OF 
THE THRESHER SHARK {ALOPOECIA VULPES). 

By JOHN ABNOLD LOVERN. 

From the Department of Industrial Chemistry , University of Liverpool. 

(Received May 27th , 1930.) 

In a recent communication [Guha, Hilditch and Lovern, 1930] an account 
was given of quantitative analyses of the fatty acids of a series of fish-liver 
oils. When these were subsequently arranged according to their biological 
families, the oils of the elasmobranch group, including shark, dogfish and skate, 
lent support to the view that there was a definite and close relation between 
the amount of squalene present in the non-glyceride portion of the oil and the 
nature of the fatty acid constituents. When the amount of squalene was high, 
as in Scyrnnorhinus lichia , the acids were almost exclusively monoetliylenic, 
and contained, in contrast to other fish-liver oils examined, such as those of 
the Teleostomi group, appreciable amounts of an unsaturated acid containing 
twenty-four carbon atoms (selaeholeic acid). As the percentage of squalene 
present decreased there was a steady increase in the degree of unsaturation 
of the fatty acids, together with a steady diminution in the amount of C M acid 
present, e.g. Squalus acanthias , with ca. 4 % of squalene (10-5 % unsaponi- 
fiable). In the liver oil of the skate (Rata maculata) studied, squalene was 
practically entirely absent, the unsaturation of the C 20 and 0 22 groups of acids 
was exceedingly high, and acids of the C u group were not present. It is highly 
desirable that further information regarding the liver oils of members of this 
group should be obtained, since the correlation outlined above rests at present 
on but a few instances. 

In this connection the author w r as fortunate to obtain access to the fatty 
acid portion of the liver oil of a thresher shark (Alopoecia viilpes ), the liver of 
‘which had been secured by Prof. J. 0. Drummond of University College, 
London, to whom, with Mr L. C. Baker, the writer desires to express his thanks 
for the information given regarding the crude oil. This particular shark was 
caught off the Dorset coast on the 18th of June, 1928, and landed at Abbots- 
bury. The weight of the fish was 4 cwt., and the liver, procured on the 20th of 
June, weighed 4 kg. The final yield of oil (prepared by steaming) w>as 650 g. 
This was of a golden brown colour, with some separation of crystalline matter 
on standing. The characteristics of the oil were as follows: 



FATTY ACIDS OF THRESHER SHARK-LIVER OIL 


867 


% free fatty acids (as oleic) ... ... 0-20 

Saponification value ... ... ... 181 

Iodine val ue (Dam) ... ... ... 176 

Refractive index 20° ... ... ... J *4741 

% unsaponifiable ... ... ... ... 3-83 


The iodine value of the unsaponifiable matter was 102 and it contained 21*8 % 
of cholesterol; this corresponds with an iodine value for the rest of the un¬ 
saponifiable matter of about 112, as against 370 for squalene, so that the 
amount of squalene (if any) in thresher shark-liver oil must be very low. From 
this standpoint it is therefore in the same category as skate-liver oil (Raid 
mac.ulata), and, as the following analysis shows, the fatty acid composition 
is also remarkably similar to that of skate-liver oil. The method of analysis 
was precisely the same as that given for the other oils [Guha et ah, 1930] and 
only the actual data are given here. It may be noted in passing that in both 
skate- and thresher shark-liver oils there was very little tendency to poly¬ 
merisation, although both oils had been kept for over a year before analysis, 
and both contained a large proportion of acids of a very high degree of 
unsat uration. 

Experimental. 

Fatty acids; I.Y. 181*3, sap. eq. 289*6. 

Lead salt separation. 

I.Y. (of corre¬ 
sponding methyl 

g. % esters) 

“Solid” acids S 51 *0 24-5 38 04 

“Liquid” acids L 1490 74*5 236-3 

Fractionation of methyl esters . 

Primary fractions Refract ionat ions 


b.p./ 1 nun, B.P. 1 mm. 


No. 

g. ° C. 


S.E. 

I.Y. 

No. 

g- 

° C. 

S.E. 

I.Y. 



(i) 

Esters 

of ''solid" 

acids S (49*5 g.). 




S 1 

35-37 100-130 


261*0 

10-69 






S 2 

5 73 130-145 


289*6 

73*99 






S 3 

8-00 Residue 


325-8 

143*2 







(Fraction S 1 (16-72 g.) gave 15*< 

DO g. of saturated esters (S.E. 

259*4) on oxidation.) 




(ii) 

Esters 

of liquid 

” acids L (145 g.). 









(L 11 

8*49 

105-122 

249-7 

68-0 

L I 

39*79 127-140 


272*1 

113*6 

L 12 

18*92 

122-128 

270-4 

104-4 






( L 13 

8-07 

Residue 

292-1 

188-8 






(L 21 

4-42 

120-139 

290-6 

148-5 

L 2 

34-36 140-158 


306*5 

218*6 

' L 22 

19*09 

139-143 

304-5 

204-4 






(L 23 

6*27 

Residue 

319-6 

286-9 






( L 31 

4*20 

132-165 

307*3 

276-4 

L 3 

06*44 108-175 


329*6 

320*9 

L 32 
i L 33 

29-54 

10-15 

165-170 

170-175 

327 3 
331*8 

320*3 

342-2 






(L 34 

5-66 

Residue 

33 M 

326-5 

L 4 

13*83 Residue 


346-3* 

290*2 







* Saponification equivalent of residual esters, freed from unsaponifiable matter, L 4 : 337-7. 
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Estimated composition of fatty acids. 

Fatty acids 



“Solid’' 
acids S 
(24*5 %) 

“Liquid 
acids L 
(74*5 %) 

Total 

o 

/o 

% 

Mean un- 
sa tu ration 

Saturated 

Myristic* 

5-8 

10 

7-4 

7*4 


Palmitic 

11*3 

— 

11-3 

11*3 


Stearic 

0*2 

— 

0-2 

0*2 


Unsaturated 

Cu group 

— 

10 

16 

1*6 

(- 2 0 H) 

C 16 

— 

120 

12*0 

12*0 

c 18 „ 

4-0 

151 

191 

19*2 

(- 3-4 H) 

»> 

3-7 

27-2 

30*9 

31*0 

(- 0-6 H) 

t's2 >> 

0-5 

16-8 

17 3 

17*3 

(- 10-5 H) 

Unsaponifiable 

— 

0-2 

0*2 

— 



It will be observed that the results for thresher shark-liver oil are in entire 
agreement with the theory already tentatively advanced, but it should be re¬ 
iterated that the number of cases examined up to the present is insufficient 
for this generalisation to be regarded as proved. More data are evidently very 
desirable before any deductions are seriously advanced, but some reference to 
the mainy problems suggested by such a relation (if proved) may perhaps be 
permitted. For instance, is the relation between the squalene content and the 
fatty acids definite for any particular species? Only one sample of oil from 
each species has been fully examined, whereas it is known that the unsaponi- 
liable content of particular members of the Elasmobranehi may vary between 
wide limits. Thus, unsaponifiable matter between the limits of 4 and 32*9 % 
has been found in the liver oil of the dogfish (Sgnalus acanthias ), a mixture of 
scjualene and cholesterol being present in many cases [Grim and Halden, 1929]; 
liver oils of the basking shark (Cetorhinus maxima) have been observed [Griin 
and Halden, 1929] to contain from 26 % to as much as 56 % of unsaponifiable 
matter (of which approximately one-half is frequently squalene); whilst, 
similarly, in oils from livers of Scymnorhinvs lichia [Channon, 1928] the un¬ 
saponifiable content varied from 48*5 % to 81*5 %. 

There is thus no reason to assume that skate-liver oil, for instance, will 
always be found to contain negligible amounts of squalene. Channon [1928] 
has given evidence which suggests that the squalene present in these fish-liver 
oils is not taken in the food, but is synthesised by the fish. To mention two 
results: (1) there is no squalene present in the various samples of plankton 
examined; (2) the feeding habits of all members of the Squalidae family appear 
to be similar, and yet squalene is present in large amount in some, and entirely 
absent from others. 

One has also to take into account, if accepting the theory of synthetic 
origin, the fact that squalene is by no means the only unsaponifiable matter 
present in elasmobranch oils. Other substances frequently found (in varying 
amounts, sometimes alone and sometimes with squalene) include hydro¬ 
carbons ( e.g . isooctadecane, decane, etc.), cholesterol, and ethers such as 
batyl, chimyl and selachyl alcohols. It has yet to be determined whether there 
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is any relation between the presence or absence of these substances and the 
composition of the accompanying fatty acids. 

In conclusion, the author wishes to express his thanks and appreciation to 
Prof, T. P. Hilditch for his kind interest and advice throughout the course of 
this work. 
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It is now clear that the physiological action of the vitamin A of liver fats can 
be reproduced, or at any rate closely simulated, by the plant pigment carotene 
[Euler, Euler and Hellstrom, 1928; Euler, Euler and Karrer, 3929; Moore, 
1929, 1,2; 1930; Collison, Hume, Smedley-MacLean and Smith, 1929], and it 
therefore becomes important to ascertain 

(a) whether butter contains either or both of these substances; 

(b) the relative importance of these substances, if both are present; 

(c) whether the quantities of either or both vary with seasonal, dietary 
or other conditions. 

In the present paper an account is given of a preliminary survey of this 
question wherein we have applied spectrographic methods as a means of 
arriving at a decision concerning the above points. 

Before dealing with the absorption spectra of the butter extracts themselves 
it is necessary to recall that both carotene and the vitamin A of liver fats can 
be recognised in extracts of noil-saponifiable matter by their absorption 
spectra and also by the spectral location of the principal absorption band in 
the blue solutions obtained by the well-known antimony trichloride reaction. 

A bsorption spectra . 

A solution of carotene in chloroform shows maxima at 492, 462, 436, 348 
and 279pp., whilst in alcohol the visible bands appear at 480, 451 and 427pp. 
Whereas the ultra-violet absorption of carotene is weak relatively to the 
visible absorption [Duliere, Morton and Drummond, 1929], liver oils and non- 
saponifiable extracts on the other hand show negligible absorption in the 
visible, but in the ultra-violet a strong band with a maximum near 328pp, 
the intensity of absorption at the head of the band affording a trustworthy 
measure of the vitamin A potency [Morton and Heilbron, 1928, 1930]. 

The non-saponifiable matter from a sample of New Zealand butter ex¬ 
hibited clear maxima at 492, 462 and 432 pp when the solvent was chloroform 
and at 480, 452 and 427 pp when alcohol was used. Comparison of the intensity 
of absorption for pure carotene and for the butter extracts indicated that the 
latter contained about 1 part in 200 of the pigment. The butter extract is, 
however, sharply differentiated from the absorption spectrum of carotene 
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itself by the fact that it exhibits rapidly increasing intensity of absorption on 
the ultra-violet side of 380/x/x (Fig. 1). The absorption curve shows a marked 



inflexion at 310 310and there can be little doubt that the substance 
responsible for this is identical with the vitamin A of liver oils. In addition 
to this, however, another substance which shows a clear maximum in the 
neighbourhood of 272 275/z/x (Fig. 3) is also present in the butter extract. 
The observed ultra-violet absorption of the butter extract is therefore a sum¬ 
mation of three separate effects: 

(1) the ultra-violet absorption of the carotene, the intensity being 
deducible from the visible absorption of the butter extract by utilising the 
known absorption curve for pure carotene; 

(2) the ultra-violet absorption of the unidentified substance character¬ 
ised by a maximum near 272/xp,: 

(3) the ultra-violet absorption of the distinct vitamin A which has 
hitherto been associated mainly with fish-liver oils. 

The impossibility of distinguishing quantitatively between the two types 
of ultra-violet absorption restricts the interpretation of the absorption 
spectrum of butter extracts in the ultra-violet to fixing an upper limit to the 
potency of the vitamin A. Calculations indicate that the noil-saponifiable 
matter from the New Zealand butter contains, in addition to about 0*5 % of 
carotene, sufficient vitamin A to make its potency not more than about six 
times that of a good cod-liver oil 1 . 

An examination of the non-saponifiable matter of Danish butter (com 
mercial sample) provides evidence of a much smaller carotene content (Fig. 2), 
this being of the order of O'1-0* 15 %; as regards the vitamin A content, the 
upper limit does not appear to be very different from that for the New Zealand 

1 This figure is arrived at by comparing the intensities of absorption at 328 /x/z for equal con¬ 
centrations and all thicknesses of cod-liver oil and butter concentrate. 
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butter. On tlie other hand the concentration of the material responsible for 
the band near 272 py, is very definitely greater (Fig. 3), and this last observation 
would tend to show that the true vitamin A content of the Danish butter is 



260 360 460 560 MM 

Fig. 2. 


lower than that of the New Zealand butter, the high concentration of the 
unidentified substance being probably responsible to some extent for the 
intensity of absorption near 320p/x. 



Antimony trichloride reaction. 

The blue colour obtained with pure carotene is characterised by a well- 
defined band at 591 pp [Duliere, Morton and Drummond, 1929], whilst that 
obtained with non-saponifiable matter from liver oils shows a sharp maximum 
at 624 fifx [Morton and Heilbron, 1928,1930]. Using the New Zealand extract 
both these maxima are shown clearly at 624 and 592 pp. The intensity of the 
624 pp band was about five times that associated with an equal weight of a 
good cod-liver oil, whilst the less intense band at 592 pp indicated a maximal 
carotene content of 2 %. This figure is undoubtedly too high, as the liver oil 
concentrates (in which carotene is certainly not present in any significant 
amounts) often give high, if somewhat unselective, absorption at 592pp. 
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The non-saponifiable matter from Danish butter gave a good colour with 
antimony trichloride, the tint being definitely more green than blue. A very 
sharp band at 620 -622 p/x was seen but no band at 592/x/x could be recognised. 
This was not surprising as the spectrographic data had already proved that 
the carotene content was relatively low. The intensity of the 620 022/x/tx band 
indicated that the potency of the Danish butter extract was about 2*15 times 
that of cod-liver oil. 

It will thus be seen that the direct absorption spectra data and the study 
of the antimony trichloride blue colours give a consistent account of the 
properties of the non-saponifiable matter from butter. 

The recognition of carotene together with the distinct vitamin A of liver 
fats in a product derived from milk is of importance and lends support to 
Moore's view [1930] that carotene can b«* converted hi viro to vitamin A. 

It should be emphasised that the butters used were not chosen as repre¬ 
sentative of their respective classes, and many more samples will need to be 
studied before any generalisations can be made. 

We are indebted to Messrs Joseph Nathan and Co., Ltd. for the preparation 
of the butter extracts and to the Department for Scientific and Industrial 
Research for a grant which has enabled this investigation to be carried out. 


Summary. 

The non-saponifiable matter from butter has been shown spectroscopically 
to contain carotene, vitamin A, and an unidentified substance characterised 
by selective absorption at 272 /x/x. The carotene and vitamin A potency can 
be estimated with some degree of accuracy. 
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Although cinchona bark first appeared in Europe about 1639 and the first 
cinchona alkaloid, quinine, was isolated from it in 1820 and has been manu¬ 
factured and used in medicine ever since, there are still many unsolved prob¬ 
lems in connection with the use of cinchona alkaloids in malaria. 

Some of these questions are of great practical importance. Thus it has been 
assumed that for the treatment of malaria the best of the four principal 
cinchona alkaloids is quinine, and over 90 % of the bark now produced from 
cinchona plantations is bark cultivated to give high yields of quinine. 

In the last few years misgivings have arisen as to whether this is the best 
policy to adopt, and it has even been suggested that it might be advisable to 
go back to the plan adopted in British India and Ceylon in the early days of 
cinchona planting and to cultivate the hardy Cinchona saccirabra species, 
which yields a mixture of alkaloids, in which quinine and cinchonidine pre¬ 
dominate, and to prepare this mixture as “quinetimT’ for the large scale 
treatment of malaria [Gage, 1925]. As a basis for the serious discussion of 
such questions it is desirable that the relative therapeutic values of the 
principal crystalline alkaloids found in cinchona bark, viz. quinine, quinidine, 
cinchonidine and cinchonine, should be determined. Hitherto, the only method 
of making such a comparison has been by clinical trials. The difficulties of 
making such comparative trials are explained in a report by the Medical 
Research Council [1925] dealing with the relative values of quinine and quini- 
dine. Probably the difficulties experienced in the case of these two bases have 
so far precluded extension of the investigation to a similar comparison between 
quinine and the other readily procurable cinchona alkaloids, cinchonidine, 
cinchonine, and the reduction product of quinine, hydroquinine. If, in such 
a comparative trial, cinchonidine proved to be as useful as quinine, there would 
be a prima facie case for the use of “quinetum” in place of quinine. 

The relative values of the four alkaloids are also of importance in con¬ 
nection with the use of 44 cinchona febrifuge/’ which consists of the total 
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residual alkaloids of cinchona bark, left after the removal of as much of the 
erystallisable alkaloids as manufacturers normally require to meet commercial 
demands. Large quantities of this material are now used in malarial countries 
and it is, as might be expected, of varying quality [Howard, 1925]. Its use 
has numerous advocates, but before this can be placed on a scientific basis, 
a satisfactory method of analysis for cinchona febrifuge is required so that 
definite standards can be set up for it [Goodson and Henry, 1930J. These 
standards ought to take into account the relative therapeutic values of the 
components as well as industrial convenience. 

It is also sometimes suggested that the special value attributed by some 
authorities to the antimalarial activity of cinchona febrifuge is due to the 
presence of some highly active and so far undiscovered component [Praia, 
1925], 

Apart from these practical problems, there are also questions of purely 
scientific interest. Much discussion has taken place as to the particular part 
of the complex structure of the quinine molecule which determines its anti- 
malarial activity, and certain tentative conclusions have been reached based 
partly on in vitro tests with protozoa and partly on limited clinical trials, but 
there is still no certainty about these conclusions, though they may have an 
important bearing on the synthesis of new antimalarial drugs [Kaufmann, 
1926 ; Giemsa, Weise and Tropp, 1920; Shaw, 1928], 

Further, in the course of the last 10 years many '"modified cinchona alka¬ 
loids” have been prepared in the laboratory and for some of these claims have 
been made for increased action in malaria. 

It seemed to us that the technique standardised by Roehl [ 1920] for testing 
the efficacy of drugs in bird malaria might be used with advantage to investi¬ 
gate some of these questions since it was bv this means that the efficacy of 
“plasmoquin” in malaria was discovered, though the case of ‘"dimeplasmin” 
| Green, 1929], which was investigated in the first instance by the same method, 
indicates that positive results in bird malaria may not always indicate that 
a drug will be efficacious in human malaria. 

Among the “modified cinchona alkaloids" the series of “quitenines" ob¬ 
tained by the gentle oxidation of the four principal cinchona alkaloids, whereby 
the OH : CH 2 group in the quinuelidine nucleus (R' in the generalised formula, 
p. 876) is oxidised to a carboxyl group, occurred to us as a promising basis for 
a homologous series of products, the “alkylquitenines," in which the value of 
Roehl's technique for dealing with questions of this kind could be tested. It 
is, for example, well known that in in vitro tests of bactericidal agents action 
increases as a homologous series is ascended up to a maximum and then 
diminishes. In the series of 4-n-alkylresorcinols, maximal effect is reached at 
hexylresoreinol [Johnson and Lane, 1921; Dohme, Cox and Miller, 1926], in 
the p-tt-alkylphenoLs at tt-amylphenol [Coulthard. Marshall and Pyman, 
1930] and in the alkyldihydrocupreines at octyldihvdrocupreine [Schaffer, 
1917; Bieling, 1918]. But this principle, though it is traceable in the results 
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of a number of investigations [e.g. Morgenroth and Tugendreich, 1916], has 
not been established with the same certainty in in vivo therapeutic tests. It 
has, however, already been shown that in a short series of cupreine ethers the 
following changes in activity in bird malaria occur. The figures in brackets 
give the retardation of attack in days [Giemsa, Weise and Tropp, 1926]: 

Cupreine (0-4). 

Cupreine ethers: 

Methyl: quinine (12-13); quinidine (12). 

Ethyl: quinethyline (8-40). 

Propyl: quinpropyline (4-10). 

Amyl: quinamyline (7-11). 

With regard to quitenine itself it has been clearly established that this 
substance is inactive in both human and bird malaria, but that activity is 
recovered in the ethyl ester [Giemsa, 1926]; investigation in this series does 
not seem to have been carried beyond this single observation. 

Finally, there is a considerable number of natural drugs other than 
cinchona bark and its constituent alkaloids which have local reputations as 
remedies for malaria or as febrifuges. Some of these, such as the Alstonia 
barks, have been recognised in Pharmacopoeias, but the evidence for their 
therapeutic value is slender. The discovery of a highly active substance among 
them might provide a new starting-point for the synthesis of antimalarial 
drugs, and it seemed reasonable to suppose that RoeWTs method might at 
least enable any promising product to be picked out of this group for further 
examination. The present paper records the results of attempts to apply this 
method to the solution of some of thHse problems. 

General formula for cinchona alkaloids. 

As it will frequently be necessary to refer to derivatives of the various 
cinchona alkaloids, it may be convenient at this stage to give the following 
generalised formula for the principal cinchona alkaloids: 



N 
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R ~ H in cinchonine, einchotenine, dihydrocinchonine, cinchonidine, cincho- 
tenidine and dihydrocinchonidine: in all other cases it is • OCH 3 , 
except in cupreine where it is • OH and the cupreine alkyl ethers, 
quinethvline (*OC 2 H 5 ); quinpropyline (• OC 3 H 7 ); quinamyline 

(• OC 5 Hn). 

R f — * CH: CHo in cinchonine, cinchonidine, quinine and quinidine 

= • CHg.CHg in the dihvdro-reduction products of these four alkaloids 

— COOAlk. for the alkyl-quiteniues, quitenidines, cinchotenines and 
cinchotenidines; Aik. — methyl, ethyl, propyl, etc. 

Carbon atoms 1, 2, 3, 4 are all dextrorotatory in cinchonine and its 
derivatives and in quinidine and its derivatives: carbon atoms 1 and 2 are 
dextrorotatory and 3 and 4 laevorotatory in cinchonidine and quinine and 
their derivatives [King, 1922]. 

Preparation of the i>rugs. 

The cinchona alkaloids used were laboratory stock, which had been used 
for other investigations and were of satisfactory purity. The hydrogenated 
alkaloids were prepared from them by reduction with hydrogen in presence 
of palladium as a catalyst. The esters of quitenine and of the analogous acids 
derived from cinchonidine, quinidine and cinchonine were prepared by the 
general method described below. Many of them are new and consequently it 
is desirable to include a brief record of their chemical characteristics: this 
is given below, the names of the new substances being printed in italics. 

The /soquinoline alkaloids referred to on p. 888 were laboratory specimens 
prepared mainly by Dr F. L. Pyman, F.R.S., in the course of former investiga¬ 
tions carried out in one of these laboratories. 

The other preparations referred to on pp. 887, 888 are mainly derived from 
chemical investigations now in progress. The various ‘‘total alkaloids as 
hydrochlorides*’ were prepared by extracting the total alkaloids of the plant 
specified and neutralising these with hydrochloric acid to form a neutral 
solution of known strength. This rule of using all the drugs as neutral hydro¬ 
chlorides was only diverged from when the neutral hydrochloride was too 
sparingly soluble to enable a dose*completely in solution in 0-5 ec. to be given, 
and in such cases either the acid hydrochloride or a still more soluble salt, 
such as the acetate or the ethylsulphonate, was used. 

Esters of quite nine , quite nidine, einchotenine , cinchote nidine . 

The esterifications were effected with good yields, in the manner described 
for methylquitenine, unless otherwise stated. 

Methylqiiitenim. Dry hydrogen chloride was passed into a mixture of 
anhydrous quitenine (10 g.) and methyl .alcohol (50 cc.) heated on the water- 
bath for 2 hours. After removal of methyl alcohol by distillation, the aqueous 
solution of the residue was made alkaline with sodium carbonate solution, and 
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the methyl ester extracted by chloroform, the small amount of unchanged 
quitenine, which separated, being removed by filtration. 

The base was not obtained crystalline. It softened at 165° (corr.), melted 
at 170° (corr.) and had [a]^° — 130° (c = 2*24 in chloroform). (Found: 
C, 67-1; H, 6*9. C^H^C^Ng requires C, 67*4; H, 6-8 %.) Methylqmtenine mono - 
hydrochloride was prepared by neutralising a solution of the base in alcohol 
with dilute hydrochloric acid. It crystallised in plates (frothing at 85°) with 
difficulty from methyl alcohol on adding dry ether, and once crystallised it 
could readily be recrystallised from benzene in needles, frothing at 90°. The 
anhydrous salt commenced to change at 153° (corr.) and gradually frothed. 
It had [a] 2 ]' - 189° (c = 0*994 in water) and was very soluble in water. 
(Found in air-dried crystals from methyl alcohol-ether: loss at 105 01 in a 
vacuum, 7-4. C 20 H 24 O 4 N 2 , HC1, 2H 2 0 requires H 2 0, 8-4 %. Found in dry 
salt: C, 60-9; H, 0*8; Cl, 8*8; MeO, 15*6. C 20 H 24 0 4 N 2 , H01 requires C, 61-1; 
H, 6*4; Cl, 9*0; 2MeO, 15*8 % •) 

Ethylquitenine crystallises from wet ether or alcohol, or better from a 
mixture of chloroform and ethyl acetate, in anhydrous needles, m.i\ 201° 
(corr.), and has [a]^° — 141° (c = 1*5935 in chloroform). (Found: C, 07*9; 
H, 7*0. C 21 H 26 0 4 N 2 requires C, 08*1: H, 7*1 %.) Ethylquitenine monohvdro- 
chloride was recrystallised from acetone. The dry salt sintered at 158'' (corr.), 
melted at 162° (corr.) and had [«]^° — 200° (c = 0*988 in water). It is very 
soluble in water. (Found: Cl, 8*0. C 21 H 20 O 4 N 2 , HC1 requires Cl, 8*7 %.) Ethyl¬ 
quitenine dihydrochloride crystallises from alcohol. It is hygroscopic and very 
soluble in water. (Found in dry^ salt: Cl, 15*7. C 21 H 26 0 4 N 2 , 2HC1 requires Cl, 
l<i-0%.) 

n -Propylqititenwe separated from acetone in anhydrous crystals, apparently 
tetrahedra, melting at 170° (corr.) and having — 143° (c — 2*048 in 
chloroform). (Found: C, 08*8; H, 7*0. C 22 H 28 0 4 N 2 requires C, 08*7; H, 7*3 %.) 
n -Pro'pylquitenine monohydrochloride crystallised from benzene in needles, 
frothing at 89°. (Found in air-dried salt: loss at 100° in a vacuum, 8*4. 
C 22 H 28 0 4 N 2 , HC1, 2H 2 0 requires II 2 0, 7*9 %.) The anhydrous salt sintered at 
125° (corr.), melted at 187° (corr.) and had [a]^° — 225° (c = 1*01 in water). 
Solubility 1 in 7 of water at 23°. (Found: Cl, 8*3. C^HggC^Nj, HC1 requires 
Cl, 8*4 %.) 

iso Projrylquite nine crystallised from benzene in anhydrous clusters of 
plates, sintering at 184° (corr.), melting at 189° (corr.) and having — 142° 
(c = 2*011 in chloroform). (Found: C, 68*8; H, 7*6. C^H^C^Ng requires 
C, 68*7; H, 7*3 %.) iso Propyl quite nine monohydrochloride crystallised from 
benzene in needles, frothing at 88° (corr.). (Found in air-dried salt: loss at 105° 

1 When the air*dried substances described in this paper underwent change below 105°, they 
were dried first at a low temperature and finally at the temperature recorded. In a number of 
cases the salts crystallised with benzene, which was partly replaced by water on exposure to air, 
the products becoming sticky, In these cases the loss on drying does not correspond with any 
definite number of molecules of either solvent. 
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in a vacuum, 11 *5 %.) The anhydrous salt sintered at 126° and gradually 
melted. It had [«]^ — 231° (c — 1*008 in water). Solubility in water 1 in 19 
at 20°. (Found: Cl, 8*1. 0 22 H 28 0 4 N 2 , HOI requires Cl, 84 %.) 

n-Butylqnitenine crystallised from a mixture of benzene and light petroleum 
(b.p. 60-80°) in anhydrous silky needles, sintering at 137° (corr.), melting at 
142° (corr.) and having |o]^° — 143° (c ~ 2-00 in chloroform). (Found: 
0, 68*9; H, 7*8. O 23 H 30 O 4 N 2 requires C, 69*3; Id, 7*6 %.) n-Btdylqnitenine 
ntonohydroehJoride crystallised from benzene in needles, frothing at 88 '. 
(Found in air-dried salt: loss at 105 m a vacuum, 11-0 %.) The anhydrous 
salt sintered at 11(0 and gradually melted, It had [«]jj — 227° (c — 0-631 
in water) and solubility 1 in 123 of water at 20°. (Found: Cl, 8*2. C 23 H 30 O 4 N 2 , 
H01 requires 01, 8*2 %.) n-Bntylq trite nine dihydmchhride was not obtained 
crystalline. The dried substance, which softened at 168 (corr.) and frothed 
at 178 (corr.). was hygroscopic and had [n] 1 ^" — 250° (c — 2*045 in water). 
(Found: Cl, 14*8. C 23 H 30 O 4 N 2 , 2MC1 requires Cl, 15*0 %.) 

iso B/ttylqni(enin< crystallised from benzene in matted needles, softening at 
147 (corr.), melting at 15 0 (corr.) and having [« |^ — 144° (c =■ 2*02 in chloro¬ 
form). (Found: C, 68*9: H, 7*8. C 23 H 30 O 4 N 2 requires 0, 69*3; H, 7*6 %.) 
iso But ylquite trine tnonohydrochloride crystallised from benzene in needles, 
frothing at 93° (corr.). (Found in air-dried salt: loss at 100° in a vacuum, 9*2. 
(■W^aoOjNg, H01, 2H 2 () requires H 2 0, 7*7 %.) The anhydrous salt sintered at 
125°, melted at 248 (corr.) and had [«]*^° — 223° (c 1 *52 in water). Solubility 
1 in 66 of water at 20°. (Found: 01, 8*0 C 23 H 30 O 4 N 2 , HOI requires 01, 8*2 %.) 

n-A ntylqtritenine crystallised from a mixture of acetone and ligroin in 
needles, softening at 129° (corr.), melting at 135° (corr.) and having 135° 

(c =■• 2*00 in chloroform). (Found: C, 70*0; H, 8*1. 0 24 H 32 O 4 N 2 requires 0, 69*9; 
H, 7*8 0 0 .) n-Antylq trite nine tnontdt yd rock 1 0 r id e crystallised from benzene in 
minute needles, softening at about 40° and melting at 194° (corr.). (Found in 
air-dried salt: loss at 100° in a vacuum, 7*6 %. 0 24 H 32 0 4 N 2 , H01, 2H 2 0 requires 
H a O, 7*4 %.) The anhydrous salt softened at about 115°, resolidified and 
melted at 195° (corr.). It had M/f “ 217° (c = 0*92 in water) and solubility 
1 in 107 of water at 20°. (Found: 01, 7*9. C 24 H 32 0 4 N 2 , HC1 requires Cl, 7*9 %.) 

iso Ant ylquite nine crystallised from benzene in matted needles, softening at 
154° (corr.), melting at 160° (corr.) and having — 136° (c — 1*989 in 
chloroform). (Found: 0, 69*0; H, 8-0. 0 24 H 32 0 4 N 2 requires 0, 69*9; H, 7*8 %.) 
iso Amylqmienine monohydrochhride crystallised well from benzene. The air- 
dried substance frothed at 90°. (Found in air-dried salt: loss at 105° in a 
vacuum, 19*8 %.) The anhydrous salt softened at 122° (corr.) and gradually 
decomposed. It had [<x]^ 7 ° — 222° (c = 0*804 in water) and solubility 1 in 112 
of water at 18°. (Found: Cl, 7*9. C 24 H 32 0 4 N 2 , H01 requires Cl, 7*9 %.) 

Octylqmtenine was obtained in about 10 % yield only, although the pro¬ 
portion of octyl alcohol (methyl-n-hexylcarbinol) to quitenine was increased 
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to 50 cc. of alcohol to 5 g. of quitenine, and the esterification was carried out 
at 110° for 6 hours. The base was not obtained crystalline. Oetylqmtenine 
monohydrochloride crystallised from benzene in needles, softening at 166° (corr.) 
and melting at 181° (corr.). (Found in air-dried salt: loss at 105° in a vacuum, 
3-6 %. C^H^C^Ng, HC1, H 2 0 requires H 2 0, 3*5 %.) The anhydrous salt had 
[a] 2 ^° — 191° (c = 0-244 in water) and solubility of 1 in 410 of water at 21°. 
(Found: Cl, 7-2. C 27 H 88 0 4 N 2 , HC1 requires Cl, 7-2 %.) Oetylqmtenine dihydro - 
chloride was not obtained crystalline. It softened at 136° (corr.) and melted at 
164° (corr.). A 1 % aqueous solution could be prepared. (Found: Cl, 13-2. 
C 27 H3g0 4 N 2 , 2HC1 requires Cl, 13-4 %.) 

Benzylquitemne was obtained in a yield of about 20 %. After the esterifica¬ 
tion, water was added and the unchanged benzyl alcohol and benzyl chloride 
extracted by chloroform. The chloroform solution was washed with water and 
the washings added to the main acid aqueous solution of the base and unchanged 
quitenine. The base was liberated bv sodium carbonate, extracted by chloro¬ 
form and recrystallised from a mixture cf benzene and light petroleum. The 
base usually separates as a jelly which changes into anhydrous needles, sintering 
at 157° (corr.) and melting at 163° (corr.). It had [«]^ 4 — 128° (c ™ 2-002 in 
chloroform). (Found: C, 73-7; H, 6-9. C 26 H 28 0 4 N 2 requires C, 72-2; H, 6-5 %.) 
Benzylquitenine monohydrochloride crystallised from alcohol in anhydrous 
prisms, melting at 233° (corr.), frothing at 238° (corr.), having [«]^ )C — 175° 
(c ~ 0-4 in water) and solubility 3 in 250 of water at 20°. (Found: C, 66-1; 
H, 6-3; Cl, 7-4. CA0 4 N 2 , HC1 requires C, 60-6; H, 0*2; Cl, 7-6 %.) Benzyl- 
quitenine dihydrochloride was not obtained crystalline. It softened at about 
160° and melted with frothing at about 200° (corr.). A 10 % aqueous solution 
could be prepared. (Found: Cl, 13-9. p 26 H 28 0 4 N 2 , 2HC1 requires Cl, 14-0 %,) 

Ethylquitenidine crystallised from acetone in six-sided prisms, sintering at 
98° and frothing at 107° (corr.). (Found in air-dried crystals: loss at 320° in 
a vacuum, 7-4 %. C 21 H 26 .() 4 N 2 ,2H 2 0 requires H s O, 8-9 %.) The anhydrous base 
softened at 331° (corr.), melted at 139° (corr.) and had [a]^° 4- 163° (c = 2-143 
in chloroform). (Found: C, 67*9; H, 7-2. C 21 H2 6 0 4 N 2 requires C, 68-1; H, 7-1 %.) 
Ethylquitenidine monohydrochloride crystallised from acetone in anhydrous, 
apparently cubical, crystals, melting at 242° (corr.), having [a\ 1 ^ -f 151° 
(c = 3-0296 in water) and solubility 3 in 23 of water at 23°. (Found: Cl, 8*7. 
C 2 iH260 4 N 2 , HC1 requires Cl, 8-7 %.) 

iso Amylquitmidine monohydrochloride crystallised from benzene. (Found 
in air-dried salt: loss at 305° in a vacuum, 2-1 %.) The anhydrous salt melted 
at 245° (corr.), had [ct] 22 ° -f 132° (c — 0*958 in -water) and solubility in water 
of 1 in 104 at 22°. (Found: Cl, 7*9. C 24 H M 0 4 N 2 , HC1 requires Cl, 7*9 %.) 

Ethylcinchotemidine was obtained in 50 % yield under the usual conditions 
of esterification. It crystallised from acetone in anhydrous rhombic plates, 
softening at 177° (corr.), melting at 180° (corr.) and having [a]^* — 115° 
(c 5=* 2*081 in chloroform). (Found: C, 70*3; H, 7-2. CgoH^O^Ng requires 
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C, 70*5; H, 7*1 %.) Ethylcinch ote n id in e monohydrochloride was not obtained 
crystalline. It softened at 120°, frothed at 180° (corr.) and had \a)^ — 165° 
(c = 1 *3408 in water). It is very soluble in water. (Found: Cl, 9*0. ^ 20^24^3-^2» 
HC1 requires Cl, 9*4 %.) 

imAntyleinchotemdine monohydrochloride was not obtained crystalline. It 
melted at about 152°, had [«]^° — 151° (c ~ 3*788 in water) and solubility 1 in 
20 of water at 21°. (Found: Cl, 8*5. C^HgoOgNg, HC1 requires (1, 8*5 %.) 

Ethylcinchotenine crystallised from chloroform in anhydrous needles, 
melting at 213-214° (corr.) and having [a]^° -f 151° (c — 2*012 in chloro¬ 
form). (Found: C, 70*2: H, 7*5. C^H^C^N., requires C, 70*5; H, 7*1 %.) 
Ethylcinchoteni ne monohydrochloride crystallised from alcohol in sheaves of 
plates, frothing at 245° (corr.). (Found in air-dried salt: loss at 105° in a 
vacuum, 4*6%. C 20 H 24 O 3 \.>, HC1, H 2 0 requires H 2 0, 4*0 %.) The anhydrous 
salt frothed at 251° (corr.). had 4- 130° (c — 0*982 in water) and solubility 
1 in 16 of water at 17°. (Found: C, 63*7; H, 6*8; N, 7*6; Cl, 9*1. C 20 H 24 O 3 N 2 , 
HC1 requires C. 63*7; II, 6*7; N, 7*4; Cl, 9*1 ° 0 .) 

i&oAmylcinchotenine crystallised from chloroform or benzene in anhydrous 
needles, melting at 147-119° (corr.). iso A m ylci nchote nine monohydrochloride 
was not obtained crystalline. It softened at 129° (corr.), melted at I45 : 
(corr.), had -f- 117" (c = 1*3224 in water) and solubility 1 in 10 of water 
at 20°. (Found: Cl, 8*6. C^H^l) 3 N 2 . HC1 requires Cl, 8*5 %.) 

The solubilities of anhydrous quitenine, quitenidine, cinchotenidine and 
einchotenine in water and their optical rotation in 5 % solution in X H 2 80 4 
were determined. 


Quitenine 

Quitenidine 

Cinchotenidine 

Cinchotenine 


Solubility 
1 in 8300 at 18° 
1 in 200 at 23 
1 in 277 at 21 c 
1 in 233 at 10° 


Specific rotation 
W-; - 2U8* 
M}? + 258 r 

r«IJ? - 207- 
+ 209° 


The 5-nitrodihydroquinine and 5-aniinodihydroquiniue were prepared by 
the methods of Jacobs and Heidelberger [1926]. 


Biological tests. 

The biological tests 1 were made in a manner similar to that standardised 
by Roehl. Canaries were infected with malaria bv intraperitoneal inoculation 
and were subsequently treated daily for 6 days with the compound to be tested. 
The strain of malaria used was kindly sent to us by Roehl from Elberfeld. 

1 The biological tests were made at the London School of Hygiene and Tropical Medicine, 
where one of us (M.) was engaged in investigations on bird malaria on behalf of the Medical 
Research Council’s Chemotherapy Committee, with the aid of grants from the Milner Research 
Fund and from the Medical Research Council. Our sincere thanks arc due to the Director. Sir 
Andrew Balfour, and to Dr J. G. Thomson for the hospitality of their laboratory. 
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Thanks to the courtesy of Dr J. G. Thomson we have been able to examine 
named specimens (sent from Baltimore by Prof. R. Hegner) of the three species 
of bird-malaria parasite separated by Hartman [1927] and to compare them 
with the strain obtained from Roehl. The latter corresponded to the type 
named by Hartman Plasmodium inconstant . The doses of the compounds to 
be tested, dissolved in 0*5 cc. w T ater, were administered to the canaries by 
means of an oesophageal tube passed into the stomach, and were proportional 
to the weight of the bird, a bird of 20 g. weight being taken as the standard. 
The first dose was given 4 hours after the malaria inoculation. As a rule only 
one bird was treated with each dose of the compound to be tested, and the 
first tests were made with the largest dose tolerated for 6 consecutive days. 
Evidence of malaria infection was sought by the examination of stained blood 
films daily or on alternate days. 

In each experiment several birds, usually 20 %, were not treated and were 
regarded as controls. In the blood of such controls malaria parasites appeared 
for the first time usually on the 7th or 8th day of the experiment. The virulence 
of the parasite was somewhat variable, but during 2 years no seasonal variation 
and no progressive change in virulence was observed. In the birds used as 
controls during this time the incubation period varied from 3 to 1 i days, and 
averaged 7*3 days; in 49 % the parasites appeared first on the 7th or 8th day, 
and in 83 % between the 6th and 9th days. Making allowance for this degree 
of variability in the incubation period, we have adopted an arbitrary standard 
for estimating the antimalarial action of the compounds tested. A delay in 
the appearance of parasites as compared with the controls of only 1 or 2 days 
has been considered negligible, a delay greater than this but not exceeding 
7 days has been construed as indicating a “slight*’ action, and a delay of over 
7 days a “moderate*’ action. The canaries were ordinarily kept under observa¬ 
tion for 3 or 4 weeks. If at the end of this time they had shown no evidence of 
malaria, they were re-inoculated so as to determine whether they had actually 
been cured by the treatment or were the subjects of a latent infection. If the 
birds were actually cured, that is malaria-free, the effect of re-inoculation was 
to produce a normally acute infection, whereas if they were still infected, 
although not showing parasites in the blood, re-inoculation w r as without effect. 
This test presupposes that it is impossible to super-infect with P. inconstant, 
a fact w T hich has been abundantly demonstrated both in the course of this 
work and by numerous previous investigators. It also assumes that in the 
course of the 20 days or so intervening between the end of treatment and the 
day of re-inoculation the drug being tested will have been eliminated from the 
bodies of the birds. It will be noted that on one or two occasions this assump¬ 
tion was probably incorrect because the first re-inoculation was without effect, 
whereas re-inoculation at a later date produced a normal acute infection. 

The test as outlined above is clearly not a delicate one. It is probably 
sufficiently trustworthy to distinguish broadly between active and inactive 
compounds, but for the differentiation of compounds not having widely 
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dissimilar actions, or for the grading of a series of substances with actions of 
the same order, experiments would have to be made with very much 
larger numbers of birds. 


Table I. Cinchona alkaloids . 



Day on wdiich 
parasites ap¬ 
peared in blood 

Dose in mg. , --^ 

No. of daily Control Treated 

Antimalarial 

Drug 

doses given 

birds 

birds 

action 

Quinine hydrochloride 

100 x 6 

6 

— 

Cured* 

5-0 x 6 

6-8 

11-13 

Slight 


2*0 x 6 

6 

J 4—J 5 

Moderate 


1*0 x 6 

7-9 

16-17 

Moderate 


1-0 x 6 

— 

12 

Slight 


1*0 6 

6 

5 

None 


0-5 < 6 

5 

10 

Slight 


0*5 x 6 

7-8 

9 

None 


0-5 x 6 

7-9 

5 

None 

Hydroquinine dihyd rochloride 

5-0 x 6 

6-8 

_ 

Curedf 

5*0 x 6 

7-8 

— 

Cured { 


2*5 x 6 

7-8 

-- 

Curcd§ 


10 x 6 

7-8 

— 

Cured t 


1-0 x 6 

5-9 

16 

Moderate 


10 x 6 

6 

14 15 

Moderate 


0*5 x 6 

6 

11-12 

Slight 


0*5 x (> 

6 

17 

Moderate 

o-Aminohydroquinino hydrochloride 

5*0 x 6 

7-8 

— 

Cured J 


5-0 x 6 

7-8 

11-12 

Slight 


5*0 x 6 

6 

12-13 

Slight 


10 x 6 

7-8 

12-13 

Slight 


0-5 x 6 

6-8 

7-8 

None 

Quinidine hydrochloride 

10*0 x 6 

7-9 

22-26 

Moderate 


5*0 x 6 

7-8 

26 

- !! 


5*0 x 6 

6-8 

13 

— *1 


5*0 x 6 

5-9 

19-20 

Moderate 

Dihydroquinidine dihydrochloride 

5*0 x 6 

6-8 

14-16 

Moderate 

Cinohonine hydrochloride 

5*0 x 6 

7-8 

11-12 

Slight 

Dihydrocinchonino dihydrochloride 

5*0 x 6 

6-8 

11-13 

.Slight 

Cinehonidine hydrochloride 5*0 x 4: 2*5 x 2 

7-8 

16-17 

Moderate** 

Dihydroeinchonidine hydrochloride 

50 x 6 

7-8 

14-16 

Moderate 


* Re-inoculation on 24th day without effect. Re-inoculation on 46th day produced normal 
infection, indicating that bird had been cured. 

t Re-inoculation on 30th day without effect. Re-inoculation on 40th day produced normal 
infection, indicating that bird had been cured. 

{ Re-inoculation on 26th day produced normal infection, indicating that bird had been 
cured. 

§ Re-inoculation on 26th day without effect. Re-inoculation on 36th day produced normal 
infection, indicating that bird had been cured, 

!| Bird died on 26th day without showing evidence of infection. 

If Bird died on 13th day without showing evidence of infection. 

** Dose reduced owing to toxicity. 

Cinchona alkaloids (Table I). 

Five of these alkaloids have been compared in bird malaria bv Giernsa, 
Weise and Tropp [1920] and the results of the two comparisons may be sum¬ 
marised as follows: 


56 


Bioohem. 1930 xxiv 
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Giemsa, Weise and Tropp 

-—---- Present authors 


Drag 

Quinine hydrochloride 

Dose 

(mg.) 

2-5-3 0 x 4 

Retarda¬ 
tion of 
attack 
(days) 
12-13 

Dose 

(mg.) 

2*0 x 6 

Retardation 
of attack 
(days) 

8-9 

Hydroquinine dihydrochloride 

f 9 99 

99 99 

2-5-3 0 x 4 

11 

2-5 x 6 
1-0 x 6 
0-5 x 6 

Cured 

7-11 or cured 
5-11 

5-Aminohydroquinine (base) 

2*5-3 0 x 4 

11-12 

— 

— 

5-Aminohydroquinine hydrochloride 

f* »» 

_ 

_ 

5-0 x 6 
1-0 x 6 

4-7 or cured 
5 

Quinidine hydrochloride 

1-25-1-5 x 4 

12 

5-0 x 6 

14 or cured 

Cinchonine hydrochloride 

2-5-3 0 x 4 

0-5 

5-0 x 6 

4-5 


Giemsa, Weise and Tropp’s results indicate that cinchonine is definitely 
inferior to any of the other four, which are all of about equal value, whilst 
our results show that hydroquinine is definitely superior to any of the other 
four, among which there is little to choose except that there are some signs 
that quinidine and aminohydroquinine, which both produced cures at a dose 
of 5 mg., may be better than quinine or cinchonine. From our results ein- 
chonidine also appears to be as good as quinine. The only other investigation 
which need be mentioned on this point is that of Hegner, Shaw and Man well 
[1928], who arrange four of these alkaloids in the following descending order as 
regards absorption by red blood-corpuscles, which they regard as an indica tion 
of efficiency against malaria. The figures are partition coefficients (concentra¬ 
tion in corpuscles over concentration in serum) for chicken blood. Quinine, 
5*0; quinidine, 4*4; cinchonine, 4*3; cinchonidine, 3*8. 

The results of such comparative clinical trials as have been made with 
the principal cinchona alkaloids are equally confusing. 

MacGilchrist [1915-16] arranges them in the following descending order: 

Cinchonine 

Hydroquinine —► Quinine —Cinchonidine 
Quinidine 

It is remarkable that notwithstanding MacGilchrist’s results hydroquinine 
has not been given a more extended trial in human malaria. The results of our 
tests on birds show clearly that hydroquinine is much more active than 
quinine, and suggest that unless its action on human malaria is very different 
from its action on bird malaria hydroquinine should prove to be of great value 
in the treatment of the former disease. 

Fletcher [1923] says that in doses of 10 grains, twice a day, quinine, quini- 
dine, cinchonine and cinchonidine appear to be of equal value in bringing about 
the disappearance of malaria parasites, but that in small doses of 5 grains, 
twice a day, cinchonine did not appear quite so potent as quinine and quini¬ 
dine, whilst cinchonidine was definitely inferior to the other three. 

A comparison of quinine and quinidine made under the auspices of the 
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Medical Research Council [1925] resulted in the establishment of the practical 
equivalence of quinine and quinidine, and this view is accepted by the Malaria 
Commission of the League of Nations [1927], who state that quinine and quini¬ 
dine are practically of equal value in doses of 1 g. and add that cinchonine is 
only equally effective in doses of 1 *5 g. 

Sinton and Bird [1929] on the contrary regard quinine, cinchonine and 
cinchonidine as of almost equal value in benign tertian malaria and quinidine 
as inferior to these three. 

So far as other alkaloids in Table I are concerned, the results indicate that 
5-aminohydroquinine is no better than hydroquinine and that whilst hydro¬ 
genation of quinine produces the more active hydroquinine, the hydrogenation 
of quinidine, cinchonidine and cinchonine does not enhance their antimalaria] 
value. This last observation confirms clinical results recorded by Giemsa and 
Werner [ 1914 j. 

It must, however, be pointed out that, so far as bird malaria trials are con¬ 
cerned, the simple technique employed in which a drug is tested on one bird 
is inadequate. This point is better brought out in Table II, but is also evident 
in the results recorded in Table I. Thus 5 mg. of quinine hydrochloride gave 
a retardation of only 5 days in the single bird to which it was given, a less 
powerful action than that sometimes produced by the smaller doses. A similar 
variability appears even when, as in Giemsa, Weise and Tropp s experiments 
[192(5], three birds are used. In human malaria the response of patients to 
treatment with quinine is notoriously variable, a fact usually attributed to 
variable absorption of the drug from the intestine, and it is reasonable to 
suppose that birds also would show this variability. Less variable results 
might be obtained if the drugs could be administered by intramuscular or 
intravenous inoculation, but this procedure is not practicable for repeated 
doses of considerable amounts to small and delicate birds. Our experience 
shows that, using the technique adopted, larger numbers of birds must be used 
than is at present the custom if trustworthy results are to be obtained. 

So far as comparative clinical trials are concerned, there is one point which 
calls for comment. With the exception of the comparison of quinine and 
quinidine, made under the auspices of the Medical Research Council, no 
particular pains seem to have been taken to ensure purity of the alkaloids 
used. Dawson and Garbade [1930] have recently called attention to this 
matter in another connection, and if the information they provide as to the 
extent of the contamination of commercial supplies of individual cinchona 
alkaloids is accurate, it may account for some of the discrepant results obtained 
by different observers. Thus, if cinchonidine is, as Dawson and Garbade state, 
liable to contain up to 10 % of quinine with some hydrocinchonidine, it is 
conceivable that variation in the amount of these impurities may account for 
the varying estimates of the antimalarial value of this alkaloid formed by 
different observers. 


56—2 
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Table II. Esters of quitenine. 


Day on which 
parasites ap¬ 
peared in blood 



Dose in mg. 

r 

Control 

- A -^ 

Anti- 


No. of daily 

Treated 

malarial 

Drug 

doses given 

birds 

birds 

action 

Methylquitenine monohydrochlorido 

10*0 x 6 

6-8 

11 

Blight 


5-0 x 6 

7-8 

14-15 

Slight 


5-0 x 6 

0-8 

7-8 

None 

Ethylquitenine monohydrochloride 

100 x 6 

6-8 

7-8 

None 


50 x 6 

7-8 

9 

None 

Ethylquitenine dihydrochloride 

100 x 6 

7-0 

14-15 

Blight 


50 x 6 

7-8 

6 

None 

ri-Propylquitenine monohydrochloride 

50 x 6 

7-8 

7-8 

None 

isoPropylquitenine monohydrochloride 

10*0 x 6 

6-8 

12 

Slight 


5*0 x 6 

7-8 

9 

None 

w-Butylquitenine monohydrochloride 

41 x a* 

6-8 

5 

None 

n-Butylquitenine dihydrochloride 

100 x 6 

6-8 

9-10 

Slight 


5*0 x 6 

6-8 

6 

None 


50 x 6 

6-8 

9 

Slight 

n-Butylquitenine monoacetate 

50 x a 

7-9 

— 

Curedf 


5*0 X 6 

7-8 

14-15 

Moderate 


5*0 x a 

7-8 

31-12 

Slight 


io x a 

7-9 

7-8 

None 

i^oButylquitenine dihydrochloride 

5*0 x 6 

7-8 

7-8 

None 


5*0 x 6 

7-8 

12-13 

Blight 

rc-Amylquitenine dihydrochloride 

50 x 6 

7-8 

16-17 

Moderate 


10 x a 

6-11 

6 

None 

i.voAmylquitenine monohydrochloride 

5*0 x 6 

7-9 

— 

Curedf 


50 x 6 

7-8 

10-11 

Slight 


so x a 

7-8 

9-10 

Slight- 


1*0 X 6 

7-9 

10 

Slight 

i&oAmylquitenine ethylsulphonate 

50 x 6 

5-9 

12-15 

Slight 

Benzylquitenine monohydrochloride 

2*5 x a* 

6 

7-8 

None 

Benzylquitenine dihydrochloride 

5*0 x a 

7-8 

14-16 

Moderate 

Benzylquitenine ethylsulphonate 

5*0 x 6 

6-8 

14-15 

Moderate 

n-Octylquitenine dihydrochloride 

2*5 x 6 

7-8 

7-8 

None 

Esters of cinchotenidine. 




Ethylcinchotenidine monohydrochloride 

5*0 x a 

7-8 

12-13 

Slight 


1*0 x 6 

7-8 

5 

None 

irfoAmylcinchotenidine monohydrochloride 

5*o x a 

7-8 

7-8 

None 


5*0 x 6 

7-8 

14-16 

Moderate 

Esters of quitenidine. 




Ethylquitenidine monohydrochloride 

10*0 x 0 

7-9 

9 

None 

?>oAmylquitenidin© dihydrochloride 

5*0 x 6 

7-8 

10 

Slight 

Esters of cinchotenine . 




Ethylcinchotenine monohydrochloride 

10*0 x 0 

6 

10 

Slight 

i.soAmylcinchotemne monohydrochloride 

5*0 x 6 

7-8 

7-8 

None 

isoAmylcinchotenine dihydrochloride 

5*0 x a 

7-8 

6 

None 


5*0 x 6 

7-8 

7-8 

None 


* Maximum possible dose owing to low solubility. 

t Re-inoculation on 26th day caused normal infection, indicating that bird had been cured. 
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Quitenine series (Table II). 

It has been clearly established already that the free acid itself—quitenine— 
*s inactive both in bird malaria and in human malaria [Stephens ei aL, 19.19], 
and the object of examining the series of esters of quitenine and the analogous 
derivatives of the other three cinchona alkaloids dealt with in Table II was to 
confirm the observation of Giemsa, Weise and Tropp [1926] that the ethyl 
ester of quitenine is active, and to ascertain whether, by the use of higher 
alcohols, more active alkylquitenines could be obtained. 

The results recorded in Table II make it clear that quitenine does regain 
activity on esterification and that, on the whole, activity increases as the 
homologous series is ascended, reaching its maximum at butyl or amyl, at 
which point cures begin to appear. But, apart from these occasional cures, 
none of these esters appears to approach hydroquinine or even quinine and 
quinidine in activity, and the simple quitenine esters do not appear to hold 
out any hope of a considerable improvement on quinine. 

It has been pointed out already by Schnitzer [ 1926] that esters of quitenine 
act as local anaesthetics. Dr J. Trevan has kindly tested this point for us. 
He finds that the esters do act as local anaesthetics, the benzyl ester being 
markedly active, but that they are too irritating to be of practical value. 

We have also examined the esters of the carboxylic acids analogous to 
quitenine derived from the other three cinchona alkaloids, viz. cinchotenidine 
from cinchonidine, quitenidine from quinidine and cinchotenine from cin¬ 
chonine. In these three cases only the ethyl and iwamyl esters were used. 
Here also it is clear, though at most two birds only were used in the trial of 
each substance, that the esters are active, the best of them being isoamyl- 
cinchotenidine. 


Other drugs with a reputation for antimalarial action. 


Alslonia species . Two of the authors have at present under chemical ex¬ 
amination the following species of Alstonia : 


A. congensis 
A. scholaris 
A . ynacrophylla 
A . constricia 


West Africa. 

India and Philippine Islands. 
Philippine Islands. 

Australia. 


The first two contain the alkaloid echitamine [Goodson and Henry, 1925]. 
The third and fourth contain no echitamine, but are rich in alkaloids, which 
are still under examination. The total alkaloids of A. scholaris showed perhaps 
a slight action in doses of 2*5 mg., which was the highest dose tolerated, and 
those of A . constricta in doses of 10 mg., but not in doses of 5 mg. Echitamine 
sulphate was slightly active at a dosage of 5 mg. The total alkaloids of A. 
macrophylla and A. congensis were inactive. 
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Picralima Eaineana. The seeds of this plant are regarded by natives in 
Northern and Western Africa as a cure for malaria. The principal alkaloid 
present, akuammine [Henry and Sharp, 1927], and the total alkaloids, used 
as hydrochlorides, proved to have no action in bird malaria. 

Nectandra rodioei bark. This material (greenheart bark) is used in British 
Guiana and elsewhere as a remedy for malaria. The total alkaloids, used as 
hydrochlorides, had no action in bird malaria. 

Indole alkaloids . The alkaloids, echitamine and akuammine, referred to 
above, are probably both indole derivatives; the former is slightly active. 
Harmine and harmaline were considered by Gunn and Marshall [1920] to be 
active in human malaria. Both were tried in this series of experiments and 
found to be inactive in bird malaria hi doses of 2*5 or 5-0 mg. 


iso Quinoline derivatives . 

Among the alkaloids, which have at one time or another been used for the 
treatment of malaria, is narcotine, which belongs to the isoquinoline group. It 


seemed worth while, therefore, to try 
malaria and the following were used. 

Papaverine hydrochloride 
Tetrahydropapaverine hydrochloride 
Pavine hydrochloride 
A^-Ethyltetrahydropapaverine hydro¬ 
chloride 

Y-Methylpavine hydrochloride 


series of isoquinoline alkaloids in bird 

A T -Methylpavine methochloride 
Laudanosine hydrochloride 
Aminolaudanosine hydrochloride 
Berberine phosphate 

Anhydromethylcanadine 


None of these had any traceable preventive or curative action. It has been 
suggested by Waldorp [1926] that berberine is a useful drug for provoking 
latent malaria into activity, but no such effect was observed in these experi¬ 
ments. 

Miscellaneous drugs. 

Hegner, Shaw and Manwell [1928] have already tried a large number of 
miscellaneous drugs in bird malaria without finding anything outside the 
cinchona alkaloid series which seemed promising, with the possible exception 
of one organic mercury compound. 

In spite of these discouraging results, it was considered worth while to try 
a number of compounds, which we had available. These were: pseudaconine, 
conessine, daphnandrine, acriflavine, proflavine, sparteine. 

There was no reason to expect protozooicidal activity in the case of 
pseudaconine and daphnandrine, but conessine is now known to be very toxic 
to Entamoeba histolytica , and sparteine has long been supposed to resemble the 
cinchona alkaloids in possessing a quinuclidine structure. None of these six 
substances showed any activity in bird malaria. 
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Summary. 

1. Out of an extensive series of alkaloids tested on canaries infected with 
Plasmodium inconstant only the alkaloids belonging to, or derived from, the 
cinchona series showed marked remedial action. 

2. Of the natural cinchona alkaloids the most active was hydroquinine 
followed by quinidine, quinine, einchonidine and cinchonine in descending 
order, though there is little to choose among the last four. Hydrogenation of 
quinidine, einchonidine and cinchonine does not appear to lead to increased 
activity, as it does in the case of quinine. 

3. Activity is restored to quitenine and the analogous carboxylic acids 
derived from quinidine, einchonidine and cinchonine, by esterification, and 
there are clear indications of a rise in activity as the molecular weight of the 
alcohol used for esterification is increased, which reaches a maximum at butyl- 
or amyl-quitenine. 

1. Among other alkaloidal drugs having some reputation as remedies for 
malaria, activity was observed only in two Alstonia species, viz. A. scholaris 
and A. constricta , and there it w r as slight. The former species no doubt owes its 
activity to echitamine, which exhibited slight action in doses of 5 mg. 

The authors desire to record their thanks to Mr F. 1,. G. Ilewett and to 
Mr A. G. Camfield for much assistance in the preparation of the drugs used in 
this investigation. 
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Very little is known about the heat-inactivation of pancreatic lipase, and the 
work that has been don^ is rather qualitative than quantitative. Terroine 
[1910] observed that pancreatic secretion was very sensitive to heat and rapidly 
lost its lipolytic activity at 45°. At fjo° the lipolytic activity w r as completely 
lost in 10 minutes. According to the same author bile salts accelerated this 
process. Terroine also investigated the effect of activating the trypsin in the 
secretion with enterokinase, and observed that the lipase %vas then more 
rapidly destroyed. The addition of coagulated egg-albumin decreased the 
action of Die trypsin-kinase on the lipase. Mellanby and Woolley [1914] have 
observed that pancreatic secretion, of alkalinity 0*12 N sodium carbonate, lost 
its lipolytic activity at the rate of 10 % per hour at 40°. At 50° the rate was 
50 % per hour and at 60° the whole of the lipolytic activity w r as lost within 
5 minutes. The material was found to lose its activity at a slightly slower rate 
when the solution w T as neutral. When the solution w T as made 0*02 N with 
respect to HC1 it was found to be destroyed very rapidly. These authors also 
observed that the rate of inactivation w r as increased when enterokinase was 
added, and that serum-albumin and egg-albumin protected the lipase from 
destruction. Lombroso [1914] observed that in the presence of such substances 
as glycerol, glucose, sucrose and maltose (compounds which are heavily 
hydrated in solution) pancreatic lipase w r as much more stable to heat. Will- 
statter and Waldschmidt-Leitz [1923] employed glycerol as the most efficient 
stabiliser of pancreatic lipase in their experiments on the purification of this 
enzyme. The work described in this paper deals w 7 ith a quantitative investiga¬ 
tion of the heat-inactivation of pancreatic lipase. 

The estimation of pancreatic lipase. 

It is necessary in the first place to have some reliable method for the 
estimation of the lipase. The materials employed in the estimation were pre¬ 
pared as follows. 

(<?) Glycerol extract of lipase . Dried gland pow r der was prepared by drying 
pig's pancreas with acetone and ether according to the procedure of Willstatter 
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and Waldschmidt-Leitz [1923], 6 g. of this dried gland powder were added to 
100 cc. glycerol-water mixture (containing 80 % glycerol), the mixture then 
being kept with occasional shaking at 30° for 4 hours. After centrifuging, the 
supernatant liquid was clarified by filtration through two layers of filter 
paper. The clear liquid thus obtained is referred to as a “glycerol extract of 
lipase.” 

(b) Neutral olive oil . The method employed was a modification of that due 
to Corran and Lewis [1928]. Commercial olive oil (Boots’s finest Lucca olive 
oil) was shaken with an equal volume of 1 % sodium hydroxide solution in a 
separating funnel at about 75°. After standing, the aqueous layer was separated, 
and the emulsion of oil remaining washed with hot distilled water until all 
soap was removed. The oil was then dried by heating on a water-bath at 2 mm. 
pressure. The same stock commercial olive oil was employed throughout, and 
the saponification number 192-5 was found to be unaltered in different pre¬ 
parations 1 . 

(c) Egg-albumin solution. 2 g. of B.D.H. egg-albumin powder were dis¬ 
solved in excess ammonia, the ammonia then being evaporated by impinging 
a stream of warm air (30°) on the surface of the liquid. The solution was left 
overnight in a vacuum desiccator containing sulphuric acid and then made up 
to 100 cc. It is referred to as 2 % albumin solution. The p u of such a solution 
was found to be approximately 7-6. 

(d) Calcium chloride solution. A solution of calcium chloride was made 
from pure fused calcium chloride free from calcium hydroxide. The solution 
was adjusted to contain 1 % calcium chloride by estimating the Cl ion con¬ 
centration and diluting the solution accordingly. 

(e) Sodium chloride solution. A 0*1 N solution of sodium chloride was 
prepared from B.D.H. sodium chloriae which had been purified by precipita¬ 
tion from a saturated solution with HC1 gas and dried at 105° for 3 hours. 

(/) Buffer solution. The buffer described by Willstatter, Waldschmidt- 
Leitz and Memmen [1923] was made up by mixing 66 parts of N ammonia 
and 134 parts of N ammonium chloride. The p n of this solution was measured 
with the glass electrode and found to be 8-9 at 30°. 

Willstatter, Waldschmidt-Leitz and Memmen [1923] have observed: that 
calcium chloride and egg-albumin are excellent activators of pancreatic lipase 
in an alkaline medium and employ these substances in their method of estima¬ 
tion. 

The writer has verified the excellent activations of pancreatic lipase ob¬ 
tained with calcium chloride and egg-albumin, and numerous experiments on 
the combined action of the two activators have been carried out. The combined 
effect of the two was found to be slightly greater than the sum of the two 
separate effects, again confirming the results of the above authors. The experi¬ 
ments were carried out as described by these investigators. The enzyme 

1 The writer is indebted to Mr Priestman, of the Department of Industrial Chemistry, the 
University of Liverpool, for these determinations. 
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material was diluted with sufficient water to keep the total volume of the 
water solution 13 cc. 2*5 g. olive oil, 2 cc. buffer solution and the calcium 
chloride solution were added and the mixture was gently shaken. Finally, the 
solution of egg-albumin was added and the mixture shaken vigorously by hand 
for 3 minutes and then placed in a thermostat at 30° for 57 minutes. The 
contents of the reaction vessel were washed into an Erlenmcyer flask with 
98 % alcohol so that the volume of the alcoholic liquid was 125 cc. 20 cc. 
ether were added and the acid titrated with 0-1 N alcoholic NaOH in the 
presence of thymolphthalein. Control experiments in which the buffer and 
protein of the enzyme material were titrated were also carried out to determine 
the degree of hydrolysis of the olive oil. A few of the results are given in the 
table below. 


Table I. 

Tern p. 

30 h Enzyme extract 0 4 cc. 

Total v 

volume of 



water .! 

mint ion 7 3 cc. 





Hydrolysis 



Hydrolysis 

mg. 

mg. 

in cc. 

mg. 

mg. 

in cc. 

CaCl 2 albumin 

04 A T NaOH 

CaCI, 

albumin 

0-] A' XaOH 

0 

0 

0*5 

0 

10 

8-2 

10 

0 

10-95 

15 

10 

114 

10 

10 

12-8 

20 

10 

104 

10 

15 

i:i6 

0 

20 

9-5 

10 

20 

14-6 

20 

20 

17-1 

10 

40 

154 





In the presence of a high concentration of calcium chloride (greater than 
15 mg.) a thick creamy mass, which contained all the oil, separated out when 
the shaking was stopped, and the reproducibility of the experiments was not 
so good as that obtained with smaller concentrations of calcium chloride, in 
which case good emulsification of the oil resulted. In general, the writer con¬ 
sidered 10 mg. calcium chloride and 20 mg. egg-albumin in a total volume of 
13 cc. water solution to be a good combination of activators to employ to 
swamp the effect of the substances accompanying the enzyme. 

An investigation of the heat-inactivation of pancreatic lipase would neces¬ 
sarily involve the use of glycerol extracts. Tins might mean a considerable 
variation in the concentration of the glycerol in the determination mixture 
during such an investigation (e.g. only 0-2-O4 cc. of a fresh glycerol (80 % 
glycerol) extract are sufficient to give a suitable hydrolysis, whereas after 
heating at 55° for 30 minutes 1*0-1 *5 cc. are required to give the same hydro¬ 
lysis). Willstatter, Waldschmidt-Leitz and Memmon [1923] observed that 
glycerol accelerated the action of pancreatic lipase under the conditions of 
the experiments, i.e. an initial p n of 8*9. They, however, only worked with 
0*2 -0*1 cc. of an 87 % glycerol extract, and the control of the glycerol con¬ 
centration was unnecessary. The writer has investigated the effect of glycerol 
on the action of pancreatic lipase in the absence of other activators and also 
in the presence of 10 mg. calcium chloride and 20 mg. egg-albumin. The glycerol 
employed was B.D.H. (A.R.) glycerol. The results are given in Tables II and III. 
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Table II. The effect of glycerol in the absence of other activators. Temp. 30°. 
Enzyme extract 04 cc. Initial p H = 8 9. Total volume water solution — 13 cc. 


CC. 

glycerol 

0 

1-0 

20 


Hydrolysis 
in cc. 

0-1 iV NaOH 
6-3 
9-4 
12 1 


cc. 

glycerol 


3- 0 

4- 0 
5*0 


Hydrolysis 
in cc. 

01 A T NaOH 
15*5 
17-8 
19-2 


Table III. The effect of glycerol in the presence of 10 mg, calcium chloride and 

20 mg. egg-albumin. Temp . 30°. Enzyme extract 0 2 cc. Initial p H — 8*9. 

Total volume of water solution — 13 cc. 

Hydrolysis 
cc. in cc. 

glycerol 0-1 A 7 NaOH 
0 15-3 

1*0 16-0 

2-0 16-3 

(The extracts employed in Tables II and III are similar but not identical.) 
It will be seen that the action of glycerol is not so marked in the presence of 
calcium chloride and albumin as when these activators are absent. Similar 
results were obtained when different enzyme concentrations were employed. 
Although the effect in the presence of calcium chloride and albumin is small, 
it was considered necessary to keep the concentration of the glycerol constant 
in a mixture for the determination of lipase. The quantity chosen was 2 cc. 
of pure glycerol. This quantity allows for the use of 4 cc. of a 50 % glycerol 
extract without bringing in any error due to the acceleration produced by 
uncompensated glycerol concentration. 

Another factor which must be considered is the method of regulating the 
Pn when carrying out the heat-inactivation of lipase at different p H values. 
By employing NaOH and HC1 a wide range of p H values may be obtained. The 
Ph in the method of estimation of the lipase proposed to be employed is 
essentially a changing one, the 2 cc. of buffer employed to give an initial p H 
of 8*9 being insufficient to keep the p H constant. It is therefore to be expected 
that the estimation will not give true values for the amount of lipase if the 
enzyme material contains large varying amounts of NaOH or HC1. (The 
protein in the extracts, especially in the water extract, makes it necessary to 
employ a considerable quantity of acid or alkali to alter the p H appreciably, 
e.g. 1 cc. water extract of p H 5*93 requires.2*l cc. 0*1 N NaOH to bring the 
11b t'° 9*5.) If the NaOH or HC1 were neutralised prior to the actual process 
of estimation a certain quantity of NaCl would be present. It is therefore 
necessary to carry out experiments to see if NaCl has any effect on the action 
of lipase upon olive oil in the presence of 10 mg. calcium chloride and 20 mg. 
egg-albumin. The results are given in Table TV. 

The effect is sufficient to necessitate the use of a constant concentration of 
NaCl in the estimation mixture. The quantity chosen was 1 cc. of 0*1 N sodium 
chloride in a total volume of 13 cc. water solution. 


Hydrolysis 
cc. in cc. 

glycerol 0-1 A r Na OH 
Vo 18*5 

4-0 16-6 
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Table IV. Initial p /7 = 89. Enzyme extract 0 3 cc. Temp. — 30°. 
Total volume water solution = 13 cc. 


cc. 

Hydrolysis 
in cc. 

cc. 

Hydrolysis 
in cc. 

01 N NaCl 

01 N NaOH 

0- IN NaCl 

01 N NaOH 

0 

17-7 

0-75 

18-3 

0-25 

17-85 

1-0 

38-4 

0-5 

mi -i • , • 

18-15 




The conditions for the method of determination now being fixed it only 
remains to find a relation between the enzyme quantity and the degree of 
saponification. 

The reactions were carried out in Erlenmeyer flasks of 50 cc. capacity 
fitted with tight-fitting rubber stoppers. Sufficient water and pure glycerol 
were added to the enzyme material to make the volume of the water fi cc., 
and that of the glycerol 2 cc. I cc. 0*1 A T NaCl, 2*5 g. olive oil, 2 cc. bufler 
and 1 cc. 1 % (10 mg.) calcium chloride were added and the mixture was 
shaken for a suitably short time (5 secs.). 1 cc. of 2 % (20 mg.) egg-albumin 
solution was then run in, and the mixture vigorously shaken bv hand for 
3 minutes. The reaction flasks were then placed in a thermostat at 30° for 
57 minutes and tested. The contents were washed into Erlenmeyer flasks 
of 300 cc. capacity with 9fi % alcohol so that the volume of the alcoholic, 
liquid was 125 cc. 20 cc. ether were added and the acid was titrated with 0* 1 N 
alcoholic NaOH in the presence of thymolphthalcin as indicator. The degree 
of hydrolysis obtained with different quantities of enzyme material, under 
the above conditions, was investigated and a graph plotted showing the 
relation between the degree of saponification and the quantity of enzyme 
employed. 

The results, given in Table V, are means of several readings. 


Table V. 


Enzyme 
expressed 
in cc. 

Hydrolysis 

Enzyme 
expressed 
in cc. 

Hydrolysis 

glycerol 

in cc. 

glycerol 

in cc. 

extract 

0-1 A T NaOH 

extract 

0-1 X NaOH 

0*05 

9-70 

025 

18-25 

0-10 

13-80 

0-30 

39-1 

0*15 

15*25 

0-40 

20-75 

0*20 

37*1 

0-50 

21-60 


All enzyme extracts are not of the same activity, hence one does not obtain 
the same hydrolysis by using the same quantity of different extracts. For 
purposes of standardisation Willstatter and Kuhn [1922] have suggested an 
arbitrarily chosen measure which is termed an enzyme unit. The writer in 
adopting this method defines a lipase unit as the quantity of enzyme which 
produces a saponification of 2*5 g. of olive oil, equivalent to 20 cc. 0*1 V 
sodium hydroxide, in 1 hour at 30° under the conditions specified above. The 
adoption of this unit does not mean, however, that a given enzyme extract 
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containing say 0*5 unit will produce just half the amount of saponification in 
I hour at 30°. The actual degree of saponification produced by 0-5 (or any other 
submultiple or multiple) of a unit has to be determined by experiment. This 
is effected in principle by starting with a given quantity of extract, and finding 
by trial what volume of this extract contains just one lipase unit as defined 
above. Aliquot portions of this amount of extract are then examined for their 
saponifying powers, and a graph constructed connecting number of units 
with cc. of alkali required (Fig. 1). Using extracts from different glands, and 
proceeding in the above manner, a series of identical curves was obtained, the 
reproducibility being satisfactory. 



Fig. 1. 

It may be mentioned that the unit as defined above is necessarily different 
from that of Willstatter, Waldschmidt-Leitz and Memmen, since the con¬ 
ditions of the experiment are different; the shape of the curve is not the same 
as that obtained by these authors. 

The heat-inactivation of purified lipase. 

(a) Preparation of purified lipase . 

In order to obtain a purified lipase the writer has employed a modification 
of the method of Willstatter and Waldschmidt-Leitz [1923], who obtained 
lipase free from trypsin and amylase by carrying out two successive adsorp¬ 
tions on the aluminium hydroxide B of Willstatter and Kraut [1923]. They 
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observed that a mixture containing 57 parts by volume of 1 % diammonium 
phosphate, 3 parts of N ammonia and 40 parts of 87 % glycerol was most 
suitable for eluting the enzyme from the alumina-lipase adsorption complex. 
It was found impossible to expel the inorganic salts by dialysis against dis¬ 
tilled water, as the lipase was completely destroyed during the process. 

The method employed by the writer was as follows. Two successive 
adsorptions were carried out in exactly the same way as described by Will- 
stiittcr and Waldschmidt-Leitz. After the second adsorption, however, the 
lipase was eluted from the alumina-enzj me adsorption complex with a mixture 
of 40 parts of glycerol, 3 of N ammonia and 5' of water. The ammonia was 
then evaporated in vacuo at 25°, and the solution placed in a desiccator over 
sulphuric acid, the p R being thus brought to 7*0. This solution adjusted to 
contain 50 % glycerol was employed as a purified lipase. It was found to be 
free from trypsin-kinase. The yield was not as good as that obtained with the 
mixture containing ammonium phosphate, about 20 % of the lipase of the 
original glycerol extract being obtained. The absence of phosphate, however, 
is desirable in the present instance. 

(b) Apparatus employed . 

The apparatus employed is shown in Fig. 2. 

The reaction vessel A is a silica vessel 
of about 70 cc. capacity, closed by a 
rubber bung B. 0 is a tube through 
which samples are withdrawn from time 
to time. Air enters the vessel A by 
means of the side arm F } which leads 
from vessel 0\ which contains the same 
solution as that under investigation. Air 
entering this vessel does so by way of a 
vertical tube H which dips under the 
surface of the liquid. Both vessels are 
kept well immersed in the water of the 
thermostat which is regulated to ± 0*05°. 

This apparatus prevents any change of 
concentration due to evaporation during an experiment. 

A definite quantity of lipase extract is taken and the p n regulated by the 
addition of NaOH or HC1 of known strength. This solution is placed in vessel 
A which is already at the temperature of the thermostat. Portions of the 
extract are withdrawn at various intervals of time and run into test-tubes 
standing in crushed ice. The first withdrawal is made 2 -3 minutes after placing 
the extract in the thermostat. The lipase content of the various portions is 
estimated according to the method already described. 
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(c) Course of the reaction . 

The applicability of the unimolecular expression to the heat-inactivation 
of this preparation of pancreatic lipase was tested by numerous experiments. 
The general behaviour is illustrated by Table VI. 

The values of k un \ were calculated from the expression 

* unl= ! aKx ’ 

where t = time in minutes, a = lipase units per cc, at zero time and 
a — x — lipase units per cc. at time t. 


Table VI. 


Time in mins. Lipase units/ee. 

Temp. 50°; 50 % glycerol; p H 


0 

5 

10 

15 


0*365 

0*250 

0*183 

0*130 


Km x 10* 
6*00 

7*57 

6*00 

6*90 


0 

30 

60 

90 


Temp. 40°; 50 % glycerol; = 8*00 
0*42 
0*29 
0*225 
0*15 


1*23 

0*90 

1*14 


It was observed that on the whole the constant decreased slightly in many 
of the experiments. 


(d) The effect of p H upon the heat-inactivation. 

The effect of the p H of the medium 1 is shown in Table VII and Fig. 3. 
The value for & un i at a particular p H is that obtained by taking the mean of 
several readings. It will be seen that the enzyme is most stable in the region 
of 6’0. 



Fig. 3. 

1 The pii measurements throughout this work were made by means of the glass electrode by 
the method described by Millet [1928]. 
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Table VII. 



Temp. 50°; 

; 50 % glycerol 


Pn 

k‘ uui x 10* 

Pn 

k m ,i * io 2 

8*14 

10*3 

5*41 

7*00 

7-48 

8*7 

5*40 

7*24 

6*75 

7*21 

4*97 

8*80 

603 

6*83 

4*23 

11 14 


(e) The critical increment of the process. 

In order to determine the critical increment for the heat-inactivation of 
purified pancreatic lipase, measurements were < irried out at three different 
Pn values: (1) at the region of optimum stability, p R 6*00; (2) at p H 8*01; and 
(3) at p n 5*00. 

The results are given in Tables VIII, IX, X. The critical increment was 
calculated by substituting the values of A un i into the integrated form of the 
equation „ 

1 utnh‘__ Jb 

dT RT*' 


Table VIII. 


50 ° Q glycerol; p n ~ 0 0 


Time in mins. 

0 

60 

120 

180 

Lipase units co. 
Temp. 40° 
0*475 

0*315 

0*21 

0*145 

K, x io 3 

6-83 

6*80 

6*59 



Mean - 6*74 


Duplicate exp. 

Mean = 6-84 



Average = 6 80 

0 

10 

15 

Temp. 50° 
0*365 

0*250 

0*183 

0*130 

75-7 

69*0 

69*0 



Mean =71*2 


Duplicate exp. 

Mean -• 70*7 


Average =70-8 


From these values of A-, m i we arrive at the value of E = 46,000 calories at 
p n 6-00. 


Table IX. 


Glycerol content of solution 50 %. p n - 8 01 
Temp. 40°. Mean value of & UI)i — 1-14 x 10*~ 2 . 
Temp. 50°. Mean value of 1 VU)5 — 10-1 x 10“ 2 . 


From the above values of n i at 40° and 50° the value for the critical 
increment is found to he 44,000 calories at p R 8*01, 
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Table X. 


Glycerol oontent of solution 50 %. = 5-1. 

Temp. 40°. Mean value of k unl = 7'95 x 10 -3 . 

Temp. 50°. Mean value of 4„„, = 7-80 x 10 -a . 

The critical increment calculated from these values is 45,800 calories at 
Pu. 5 * 1 . 

Table XI. The critical increment in 25 °/ 0 glycerol. 

Glycerol content of solution 25 %. p u = 6 00. 

Temp. 40°. Mean value of & utll = 7-90 x 10~ 3 . 

Temp. 50°. Mean value of k atli = 8*60 x 10~ 2 . 


The critical increment calculated from these data is 47,800 calories. 
The results obtained with purified lipase arc summarised in Table XII. 


Table XII. Purified lipase . 


Glycerol concen¬ 
tration % 

50 

50 

50 

25 


Ph 

6-00 

8*01 

5*1 

6*00 


E in calories 
46,000 
44,000 

45.800 

47.800 


Before discussing the results obtained above a very brief statement of the 
experiments carried out with unpurified lipase will be given. 


The heat-inactivation of unpurified lipase. 

Experiments were carried out with unpurified extracts of lipase in order 
to compare the results with those obtained with the pure enzyme. 

These extracts were prepared by extracting 6 g. of the dried gland powrier 
with 100 cc. of water or water-glycerol mixture for 2-4 hours at 30°. (Water 
gives a good extraction in 2 hours, while 80 % glycerol requires a longer time.) 
The mixture was then centrifuged and the supernatant liquid clarified by 
filtration. 

In 80 % glycerol it w r as found that the course of the reaction follows the 
unimolecular expression quite satisfactorily except at p H values on the acid 
side of the p n of optimum stability (p H = 6*0) (Table XIII). In attaining 
these p H values by the addition of HC1 a precipitate was formed. (No pre¬ 
cipitate was formed on adding NaOH.) This precipitate would carry along 
with it some of the lipase, and presumably this portion of the lipase is less 
liable to inactivation. At ~ 5-0 the velocity recorded is the initial value 
(since in this case the k falls with time). 

Table XIII. 


Temp. 50°; 80 % glycerol. 


Pu 

*uni X 10* 

Ph 

x I0 3 

500 

2605 

8*20 

34*3 

5*99 

T*18 

9*20 

48*8 

7*20 

17*26 

10*23 

162*8 
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The results show that the enzyme is most stable in the region of p Tl 6-0, 
as was the case with the purified enzyme in 50 % glycerol. 

In the case of the water extract the unimolecular constant was found to 
decrease markedly with time at all p H values. Thus at 40° and p n 5*93 the 
constant” decreased 50 % in 90 minutes. This decrease in the constant is 
more marked at 50°, while at 30° the decrease in GO minutes only amounts to 
15 %. The extract was most stable in the region of p H 6*0. 

The critical increment for the process was determined by measuring /i' un i 
at different temperatures both in the presence and in the absence of glycerol. 
In the case of water extracts the initial values /’ un i were used to calculate 
the critical increment. 

The results are summarised in Table XIV. 


Table XTV. Unp unfed lipase. 


Glycerol 


Temp, interval 


cone. % 

Va 

in ° C. 

E in calories 

80 

509 

45-50 

101,000 

80 

5*99 

50-55 

103,000 

80 

9-30 

45-50 

92,000 

50 

5-98 

45-50 

57,500 

0 

5-93 

30-40 

35,000 


Discussion of results. 

In agreement with the results obtained for other enzymes the p H of 
optimum stability of purified pancreatic lipase does not coincide with its 
'‘optimum p n ” i.e. p H of optimum activity upon a substrate. The optimum 
thermal stability is in the region of p u 6-0, whereas the "optimum p n ” is 8*0. 
The same behaviour is exhibited by the unpurified material. 

In general it may be said that the behaviour of the purified extract is 
regular and reproducible. On the other hand, in the absence of glycerol the 
behaviour of the unpurified extract would depend upon the amount of trypsin- 
kinase present. The trypsin-kinase content of the unpurified material was 
determined according to the method of Willstatter et at. [1926], but without 
activation with enterokinase. It was found that a water extract of the "dried 
gland powder” contained 1*97 trypsin units per cc. and the 80 % glycerol 
extract 0*48 trypsin units per cc. 1 

Willstatter and Persiel [1924] have shown that glycerol inhibits the action 
of trypsin-kinase, hence this proteolytic enzyme would not be expected to act 
in 80 % glycerol. The observations of Terroine [1910] and Mellanby and 
Woolley [1914] indicate that trypsin activated with enterokinase (i.e. trypsin- 
kinase) destroys lipase. During the process of lieat-inactivation of an impure 
water extract the writer has observed that a small amount of acid is formed, 
whereas in the 80 % glycerol extract no measurable amount results. In an 
80 % glycerol extract, as would therefore be expected, the process of heat- 

1 The writer is indebted to Mr Pace, of the Department of Physical Chemistry, University of 
Liverpool, for these determinations. 


57—2 
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inactivation, even of the unpurified material, is unimolecular. In a water 
extract, however, there are two processes going on: (1) the destruction of the 
lipase by heat; (2) the destruction of the lipase by trypsin-kinase. A uni¬ 
molecular velocity constant for heat-inactivation is therefore not to be expected 
in this case. 

It is also suggested that the change in the critical increment for the heat- 
inactivation of unpurified lipase with change in glycerol content is due to the 
action of trypsin-kinase, this enzyme destroying the protein carrier and thereby 
inactivating the active grouping of the lipase. In 80 % glycerol the trypsin- 
kinase effect is minimal and the observed critical increment of the heat- 
inactivation of unpurified lipase is very large—of the order 90,000-100,000 
calories. In water the trypsin-kinase effect ought to be maximal. The critical 
increment of hydrolysis of caseinogen by trypsin-kinase is of the order 14,000 
calories [Moelwyn-Hughes, Pace and Lewis, 1930]. This low value is probably 
the reason why the apparent critical increment of heat-inactivation of un¬ 
purified lipase in water is as low as 35,000 calories. 

The most interesting observation is the relatively low value for the heat- 
inactivation of purified lipase, namely, 46,000 calories. As this value is 
obtained in 50 % and 25 % glycerol it seems reasonable to assume that much 
the same value holds in water. This value should be compared with 90,000 - 
100,000 calories obtained for the unpurified lipase, under conditions in which 
the trypsin-kinase is ineffective (i.e. in 80 % glycerol). The effect of purifica¬ 
tion is therefore to reduce the critical increment to approximately one-half. 
This naturally accounts for the fact that the purified material is much less 
stable than the unpurified. At the same time, one is at a loss to explain pre¬ 
cisely the manner in which this reduction in critical increment has been brought 
about by the act of purification. The purification consists mainly in the 
removal of protein, and this change in the accompanying substances in some 
way causes a lowering in the critical increment 1 . It is interesting to note that 
the critical increment of purified lipase is of the same order as that obtained 
by Pace [1930] for the heat-inactivation of trypsin itself, free from enterokinase 
and the pre-stage of this activator, the value obtained being 40,000 calories. 

1 The unpurified lipase has protective impurities adsorbed or otherwise combined with it. 
The extent of such adsorption will be a function of temperature, adsorption in general diminishing 
as temperature rises. Henoe at the higher temperature the unpurified lipase is now partly purified 
by removal of impurity and henoe is thermally inactivated at a greater rate than would have been 
found had the extent of adsorption remained independent of temperature. It follows that a 
correspondingly high value (90,000-100,000 cals.) is obtained for the apparent critical increment. 
If this point of view be the correct one, it may be expressed in a quantitative form. Thus if Q is 
the (positive) heat evolved in the adsorption of the impurities on one “molar’’ unit of enzyme, 
E q the true critical increment of heat-inactivation of purified enzyme and the observed value 
for the unpurified enzyme, then we would expect 

Mo* = Eq + Q. 

Setting E I)U = 95,000, E 0 = 45,000 cals., it follows that Q = 50,000 cals. This is a very high value 
for adsorption but it has to be remembered that the “ molecular unit” of an enzyme is exceedingly 
large and the number of molecules of adsorbed material per enzyme unit correspondingly great. 
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Summary. 

1. A modification oi the method of Willstatter, Waldschmidt-Leitz and 
Memmen for the estimation of pancreatic lipavse has been employed in in¬ 
vestigating the heat-inactivation of this enzyme. The relation between the 
concentration of the enzyme and the^degree of hydrolysis has been obtained 
under the new conditions, and a lipase unit, necessarily different from that of 
the above authors, has been defined and employed in the later work described. 

2. A purified lipase has been prepared by two adsorptions on aluminium 
hydroxide. In order to obtain a preparation free f rom salts an elution mixture 
of glycerol, water and ammonia is employed in eluting the enzyme after the 
second adsorption. 

3. Experiments have been carried out on the heat-inactivation of this 
purified lipase. The course of the heat-inactivation process was found to be 
unimolecular. 

4. The effect of p n upon the heat-inactivation of lipase prepared in the 
above maimer has been investigated. It has been found that the optimum 
stability of the lipase is about p K 6*0. 

f>. The critical increment for the heat-inactivation process in 50 % 
glycerol has been determined at three p H values: 6*0, 8*01 and 5*0. It was 
found that the critical increment was sensibly the same at all three points, 
and was of the order of 46,000 calories. 

6. The critical increment was likewise determined in 25 % glycerol and 
j) R 6*0 and was found to be 47,800 calories. It is concluded therefore that in 
the absence of glycerol the critical increment would be of this order. 

7. Experiments were also carried out on the heat-inactivation of extracts 
of iMipurified lipase. The course of the reaction in 80 % glycerol was found to 
be unimolecular, whereas in the water extract of the “dried gland powder 5 ' 
the unimolecular constant was found to decrease with time. This decrease is 
explained by the action of the trypsin-kinase in the water extract. 

8. The effect of p B upon an 80 % glycerol extract and w T atcr extract of 
unpurified lipase has been investigated. It was found that the enzyme is most 
stable at about p n 6*0. 

9. At G*0 and in 80 % glycerol the critical increment for the process in 
unpurified extracts is shown to be of the order of 100,000 calories, whereas in 
50 % glycerol the value is 57,5(X) calories, and in w r at.er 35,000 calories. This 
change in the critical increment with change in the concentration of glycerol 
is ascribed to the action of the trypsin-kinase. The critical increment for the 
heat-inactivation process of an unpurified extract containing 80 % glycerol at 
p u 9*3 is of the order 92,000 calories, which is sensibly the same as 100,000 
calories. 

10. The fall from 95,000 calories for unpurified lipase to 45,000 calories 
for purified lipase is in agreement with the increased instability of the purified 
material. 
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Metabolic measurements upon isolated tissues in vitro have attained a high 
degree of accuracy in so far as the consumption of oxygen, or the measurement 
of glycolysis, alone is concerned. However, when the measurement of 00 2 
actually formed in the tissues is considered, the existing methods are found 
to be generally unsatisfactory. Since the whole significance of the respiratory 
quotient is dependent upon very slight variations in its numerical value, it is 
of the utmost importance that the accuracy of the determination of C0 2 
should be as nearly as possible equal to that of the oxygen measurement. Tin 1 
methods in common use are as follows. 

(1) The oxygen consumption of a piece of tissue is measured mano- 
metrieaily, the C0 2 being absorbed by KOR. Comparison of the readings with 
those obtained with another piece of tissue in a second manometer vessel 
without KOH allows the C0 2 to be calculated [Buchner and Grafe, 1924]. 
A differential arrangement may also be used, as in Thunberg’s respirometer 
[Fenn, 1927]. 

(2) In order to overcome the difficulties due to insufficient buffering and 
at the same time to use a physiological concentration of bicarbonate in the 
medium, Warburg introduced his ‘‘improved method” [Warburg, 1926). This 
method is based on the different solubilities of oxygen and C0 2 , and the respira¬ 
tion is calculated from readings made with two vessels with similar pieces of 
tissue but with different volumes of fluid in each. It is of great value for the 
measurement of aerobic glycolysis but cannot be used for the true respiratory 
quotient, since the figure for C0 2 obtained includes the “ extra CO a ” liberated 
from the bicarbonate by the production of acid, in addition to the respiratory 
C0 2 . Referring to the estimation of true respiratory quotient in bicarbonate- 
containing solutions, Warburg [1926] states: “On account of the high physio¬ 
logical bicarbonate concentration it is difficult to estimate the increase of 
bound C0 2 with sufficient accuracy, and it is questionable whether this difficulty 
can be overcome by a differential procedure.” 

1 Whole-time worker for the Medical Research Council. 
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(3) Recently Crabtree [1929] has described a method in which the “im¬ 
proved method ” of Warburg is combined with estimation of chemically bound 
C0 2 by acidification before and after the experiment. The objection quoted 
above greatly limits the accuracy of this method, since the change of bound 
C0 2 necessary for calculating the r.q. appears as a small difference between two 
large readings. 

(4) Analysis of the gas-phase in equilibrium with the solution containing 
the tissue is the basis of a further method. The application of the catharometer 
to the problem has been described by Slater [1926], The apparatus is neces¬ 
sarily complicated. 

(5) A method has been described by Fenn [1928] in which the C0 2 is 
absorbed by barium hydroxide solution in a special vessel arranged for the 
measurement of electrical conductivity. The total C0 2 liberated may be calcu¬ 
lated from the alteration of conductivity. The oxygen is determined by 
Thunberg’s principle. 

Leaving aside Aietliod 2, which is unsuitable and, in fact, was not designed 
for the measurement of true respiratory quotient, a fundamental objection is 
found to apply to the above methods. This objection is that no allowance is 
made for the variations in the C0 2 chemically bound in the tissue or the sur¬ 
rounding solution. Any change of the acid-base equilibrium of the whole 
system, due to production or consumption of acids or bases by the tissue, leads 
to the diminution or increase of the amount of C0 2 chemically bound. Such 
changes are included in the figure for C0 2 production obtained by the methods 
1, 4 and 5. In practice, quantitatively the most important part of the error 
caused by neglecting the chemically bound C0 2 is due to the lactic acid pro¬ 
duced by glycolysing tissues. In many cases this error is so large that it makes 
the figure for C0 2 valueless. Many figures for respiratory quotient much above 
unity which may be found in the literature are obviously due to the glycolysis 
of the tissues examined. 

From the methods described, only that of Crabtree is theoretically free 
from this objection. Here, however, as was mentioned above, other practical 
considerations limit the accuracy. 

For the measurement of true respiratory quotient the only remaining 
principle is that in which buffer solutions almost free from C0 2 are used. The 
bound C0 2 present in the tissue and solution at the beginning and end of the 
experiment is liberated by addition of strong acid and is included in the 
calculation. On account of this important advantage the method has been 
used by many workers [Warburg et ah, 1914, 1921, 1924; Meyerhof, 1919; 
Gerard, 1927; Schorr, Loebel and Richardson, 1930; Richardson, Schorr and 
Loebel, 1930]. A detailed description of an experiment is given by Richardson 
[1929]. The solution used is buffered by phosphate instead of bicarbonate. 
The figures for C0 2 are obtained from manometric measurement on two pieces 
of tissue in two separate manometers, one with KOH, the other with acid in 
a side-bulb, so that the latter can be mixed with the solution and tissue in the 
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main part of the vessel at the end of the experiment. The vessel with KOH 
gives the oxygen respiration, and this, together with the change of pressure 
occurring in the second vessel, permits the calculation of the C0 2 produced. 
A third manometer vessel is used to determine by acidification the initial 
C0 2 bound by the tissue and solution. The C0 2 content of the solution itself 
is determined in yet another vessel. 

Valuable as the method is in certain selected cases, it suffers from an 
important defect which applies to all the methods where the C() 2 is determined 
from different pieces of tissue, already described under headings 1, 2 and 3. 
This is the implicit assumption that the extent of respiration, i.e. the volume 
of 0 2 consumed per hour per unit weight of tissue, is exactly the same in two 
slices of the same tissue. Although the effect of such a difference on the 
respiratory quotient is not usually very serious, it is, nevertheless, desirable 
to remove the source of error. This is particularly the case when tissues with 
small respiration are concerned, and prolonged experiments are, therefore, 
necessary. 

Another difficulty is due to the uncertainty of the amount of C0 2 retained 
by the tissue and phosphate during the period of temperature-equalisation 
preceding the experiment. During this period a portion of the respiration C0 2 
is retained by the phosphate. In addition to this objection, in the case of 
glycolysing tissues an uncertain amount of C0 2 is driven off by the lactic acid 
formed. The most serious point is that all of these errors concern only the 00 2 
without compensatory influence on the oxygen values. 

With the above points in view, a method has been worked out so that the 
actual measurement could be made on a single piece of tissue 1 , only one correc¬ 
tion—a simple determination of preformed C0 2 —being necessary. The accuracy 
of the results is not affected by glycolysis. 

Method. 

Principle. Both oxygen consumed and C0 2 produced are determined by 
readings on the same manometer. The measurement is made on thin slices of 
tissue [Warburg, 1926] suspended in C0 2 -free Ringer solution, buffered bv 
means of phosphate and in equilibrium with pure oxygen. The 0() 2 formed in 
respiration is absorbed by barium hydroxide solution. The diminution in 
pressure which occurs is used for the calculation of respired oxygen. After a 
definite time, an excess of strong acid is added, and the whole of the C0 2 is given 
up from the barium hydroxide, phosphate and tissue. The resulting positive 
pressure is used for the calculation of the total C0 2 at the end of the experiment. 

This figure, corrected for the C0 2 content at the beginning of the experi¬ 
ment, gives the amount of C0 2 formed in respiration during the experimental 
period. 

1 The method described was worked out before that of Meyerhof and Schmitt [1929] came 
to our notice. Since their method, though based on similar principles, is solely concerned with 
muscle and nerve, the practical details in the two methods differ in many important points. 
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Apparatus 1 . The vessel (Fig. 1) used is attached by means of the ground 
joint to a Barcroft manometer. The total volume is about 20 cc. and is deter¬ 
mined by weighing with mercury. The central portion A contains a piece of 
tissue suspended in 2 cc. phosphate-Ringer solution. The annular trough B 
contains 0*5 cc. of a cold-saturated solution of barium hydroxide. The side- 
bulb C contains 0*3 cc. of 2*5 N HC1, which can be tipped into the main 
compartments and the whole contents mixed when desired. 

Solutions. Stock sodium phosphate solution . An isotonic solution of sodium 
dihydrogen phosphate and disodium hydrogen phosphate at p H 7*4 is prepared 





with the usual precautions to exclude C0 2 . With the samples of dried phos¬ 
phate used, the weights were 2-43 g. NaH 2 P0 4 and 12*68 g. Na 2 HP0 4 to 1 litre. 
Such a solution is about 0*109 M in total phosphate. This solution is stored 
in a burette protected from C0 2 . 

Phosphate-Ringer solution . The above solution is diluted for use by means 
of a suitable salt solution consisting of isotonic solutions of NaCl, CaCJ 2 and 
KC1 in the proportion 100: 2: 2 to which is added 10 % glucose solution to 
make the final concentration 0*2 %. The solution is boiled for 15 minutes and, 
after cooling in a stream of pure oxygen, is diluted to the original volume with 
C0 2 -free water. The phosphate solution described above is then added. For 
tissues with little or no glycolysis 10 cc. phosphate per 100 cc. salt solution is 

1 The apparatus ^as made for us by Messrs C. Dixon & Co., 27 Devonshire Street, London, 

w.a i. 
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sufficient. For tumours, retina and other highly glycolysing tissues a more 
strongly buffered solution should be used. A mixture of 40 parts to 100 salt 
solution has a concentration of secondary phosphate equivalent to that of 
bicarbonate in the solution used by Warburg. It is particularly necessary to 
cool the solution very thoroughly before adding the phosphate, since the 
mixture is supersaturated with calcium phosphate. If the vessels are perfectly 
(‘lean the solution usually remains quite clear. 

Barium hydroxide solution. A cold saturated solution of barium hydroxide 
(ca. 0*3 A 7 ) is prepared and poured into t he bottle of an automatic burette 
(10 cc.), fitted with a filtration candle (Berkefcld V) as in Fig. 2, CXVfree air 
having been previously drawn through the whole system. The capacity of the 
bottle is ca. 500 cc. and the whole arrangement must be easily and quickly 
brought to the vessels when required. 

Procedure. Three vessels are used in the example described (more if duplicate 
estimations are required. See protocol, p. 913). Another vessel, without tissue 
and containing the solid ions only, is used as a thermobarometer to correct the 
readings for variations of temperature and barometric pressure during the 
experiment. 

Preparation of the tissue. Thin slices are cut from the fresh tissue with the 
razor. As Warburg 11920] has shown, the thickness must not exceed a certain 
limiting value, in order to allow the adequate diffusion of oxygen, carbon 
dioxide and lactic acid in the tissue. The thin sections are rinsed for 5 to 10 
minutes before the experiment by suspending in phospliate-Ringer solution 
through which a rapid stream of oxygen is passed. This precaution is found 
to give a greater uniformity in the amount of preformed C0 2 in the different 
slices. The oxygen used is freed from traces of C0 2 bypassing through a long 
tube filled with soda-lime. 

Preparation of the vessels . The vessels must be thoroughly cleaned overnight 
with strong chromic acid mixture and before use they must be washed very 
thoroughly to remove all traces of acid, and afterwards dried at 100°. 0*3 cc. 
of 2*5 N HC1 is pipetted into the side-bulbs and 2 cc. of phosphate-Ringer 
solution are quickly added (the solution being run in from a pipette with two 
graduations) to the central portion of the first vessel. This vessel is immediately 
connected with its manometer and a rapid stream of C0 2 -free oxygen is passed 
through and escapes around the loosely inserted stopper. The remaining 
vessels are similarly connected up, one at a time, and each of these in addition 
to the solutions contains an approximately equal piece of tissue. While the 
gas is rapidly passing, 0*5 cc. of barium hydroxide solution is measured into 
each vessel, the stopper S (Fig. 1) being momentarily removed for this purpose. 
The tip of the self-filling burette (Fig. 2) is protected by immersion in Nj 20 HC1 
until the moment of inserting into the vessel. If this operation is carried out 
with reasonable rapidity a constant and very low blank-value for the C0 2 
content of the barium hydroxide solution is consistently obtained. The C0 2 
content of the 0-5 cc. as determined by the control experiment should not 



910 


F. DICKENS AND F. SIMER 


exceed 6 mm. 3 and there is no difficulty in reducing the correction to this figure 
or less. The 2 cc. of boiled phosphate-Ringer solution contain nearly the same 
volume of C0 2 , this value also being very consistently maintained throughout 
our experiments. Since the total volumes of oxygen and C0 2 measured are of 
the order of 400 mm. 3 , the error introduced by slight variations in the correc¬ 
tion for the solutions is negligible, provided that, as a check, their values are 
freshly determined for each experiment. Hence the use of more elaborate 
precautions in order to reduce this correction further is in general unnecessary, 
and would much reduce the simplicity of the technique. 

The stoppers of the vessels are now pushed home, and the gas-stream is 
at the same moment diverted by turning the upper stop-cocks of the mano¬ 
meters. 

The manometers and vessels are now attached to the shaking-apparatus 
by means of which the vessels are moved backwards and forwards in the 
thermostat [Warburg, 1926]. It is important that the vessels II and III, 
containing the tissue, should be put into the bath together so that the respira¬ 
tion in both follows the same course. When the vessels are shaken the barium 
hydroxide solution moves freely in the annular trough without any tendency 
to splash over into the central portion. This point is important, as the shaking 
must be sufficiently vigorous (excursion 5 cm.; 100 oscillations to the minute), 
in order rapidly to establish equilibrium of absorption of gas. Owing to the 
large surface presented by the barium hydroxide and the rapid movement, 
which entirely prevents the formation of any superficial crust of carbonate, the 
absorption of C0 2 is extremely efficient and control experiments have shown 
that it is superior to that of the usual conical vessels containing potash as 
absorbent. ^ 

Ten minutes after inserting the vessels into the bath the first reading of 
the pressure in all vessels is taken. This period is sufficient for complete 
equilibrium and should not be prolonged. After taking this reading, vessel II 
is at once removed from the bath and the acid contained in the side-bulb 
is thoroughly mixed with the contents by repeated tipping. The vessel is then 
replaced in the bath. After a further 15 minutes another reading is taken, and 
from the observed small increase of pressure the total preformed C0 2 in 
solutions and tissue is calculated. Readings of pressure in vessel III are taken 
at intervals of 15 or 30 minutes throughout the experiment and so the oxygen 
consumption is followed. After a definite time, measured from the tipping of 
vessel II, the acid is tipped into vessel III immediately after a reading has 
been taken. The large positive pressure set up is used for the calculation of 
the total C0 2 in vessel III at the end of the experiment. 

As a check that all the bound C0 2 has been liberated the mixing of the 
contents of both vessels is repeated. There should be no further increase of 
pressure as a result of this second mixing. 

At a convenient time during the above manipulations, the acid is tipped 
into vessel I, containing the solutions without the tissue. The slight positive 
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pressure set up (a few mm. only) gives the correction for the C0 2 content of 
the solutions. 

It is important that the amount of tissue used and the duration of the 
experiment should be so chosen that nearly the whole range of the manometer 
capillary (300 mm.) is used, if the greatest accuracy is to be obtained. With 
most tissues a period of 2-3 hours is sufficient. 

At the end of the experiment the weights of the pieces of tissue are deter¬ 
mined by removing from the vessels, thoroughly rinsing in a large volume of 
water, and drying to constant weight at 110°. 

Calculation. From the above readings of pressure the following quantities 
are directly determined by simple multiplication by the vessel constants (see 
below). The actual exchange is determined from vessel III: 

(a) total oxygen consumption; 

(b) total C0 2 present at the end of the experiment; 

readings ( b ) have to be corrected for the following: 

(<?) from vessel II the total C0 2 present at the beginning of the experi¬ 
ment ; 

(d) from vessel I, the C0 2 contained in the solutions used. 

By subtracting (d) from (c) the amount of C0 2 originally present in the tissue, 
together with that formed by respiration during the initial period of 10 
minutes, is given. The weights of the tissues being known, this correction can 
at once be applied to (b), its amount being directly proportional to the weights 
of the tissues. It is advisable that this correction should not exceed about 
10 % of the whole volume of C0 2 in vessel III—this is always the case if the 
experimental period and weights of tissues are suitably selected. 

The corrected value of ( b ) is the respiratory C0 2 during the period of the 
experiment. This value divided by (a) gives at once the respiratory quotient. 
The method of calculation for a typical experiment is given in detail in the 
protocol at the end of the paper. 

Notes. 

Vessel constants . The actual volume of gas given off or consumed (mm. 3 ) is 
calculated by multiplication of the pressure change observed (mm. Brodie 
fluid) by a constant whose value depends on the volume of the vessel and the 
nature of the gas. The calculation of the vessel constant (k) from the volumes 
of the liquid and gas (F^ and F 0 tom. 8 ) at a temperature T° (absolute) is 
[Warburg, 1926] 

v„y~+v F .a 

b 1 _ 

10,000 ’ 

where a is the Bunsen solubility coefficient of the gas given off or consumed. 

The solubility of oxygen, which is in any case small, may be considered as 
being the same in Ringer solution as in the solutions used in the present method. 
The same is not true of the C0 2 , the solubility of which is diminished by the 
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acidity and salt concentration of the solution obtained after mixing with acid. 
Since no value was available in the literature, the solubility was determined 
for this solution by the “first saturation method” of Austin et al . [1922], using 
the manometric Van Slyke apparatus for the estimation. The value found 
(a COa == 0*517 at 38°: mean of four determinations) is inserted in the above 
equation for calculation of the vessel constants. 

Accuracy . As both oxygen and carbon dioxide are determined mano- 
metrically on the same piece of tissue, the error in the actual readings (± 1 nam.) 
is negligible when the pressure is of the order of 250 mm. of Brodie’s fluid. 
The error is, therefore, determined by the error in the corrections for preformed 
C0 2 due to tissue and solutions. The error due to variation in the C0 2 content 
of the solutions themselves has already been discussed. Provided the stated 
precautions in pipetting are observed, this error does not exceed 1 %, as we 
have satisfied ourselves by a large number of duplicate estimations extending 
over several months. In practice, therefore, the accuracy depends on the 
agreement between the preformed C0 2 per unit weight in the duplicate pieces 
of tissue (vessels II and III). The process of oxygenation of the tissue before 
the experiment tends to make this correction more uniform, but it is evident 
that the 00 2 present in the tissue and that formed by respiration in the first 
10 minutes of temperature equalisation cannot be controlled as accurately as 
can the amount of C0 2 present in the solutions. On account of the removal 
of the more serious errors of previous methods, this correction becomes the 
determining factor in the accuracy of the present technique. However, it 
must be remembered that this quantity is itself a correction term the magni¬ 
tude of which should not exceed about 10 % of the total C0 2 . Consequently, 
if the error in the correction is as high as 20 %, the final error introduced will 
be only 2 %. 

From the above considerations, the greatest error to be expected in the 
value of r.q. is 0*02. A better agreement has been observed in a large number 
of experiments on the same tissue. These observations are included in a forth¬ 
coming paper (Part II). It is customary, in the literature of the methods dis¬ 
cussed in the introduction to the present paper, to find the r.q. expressed to 
the third decimal place. The above considerations show that such a procedure 
is entirely unjustified by any of these methods. 
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Protocol. 

Rat-brain cortex. Adult female rat fed 24 hours before experiment. 

Solution. Ringer containing 0-2 % glucose and 11 m.-mols per litre phosphate-buffer p n 7-47. 
Slices of tissue rinsed for 5 mins, in oxygenated solution. Duration of experiment: 3 hrs. Temp. 
38° 

Vessel no. I II III IV V VI 

Total voL (oe.) 21-25 22-02 20-27 22-70 20-07 22-00 

Side-bulb 0-3 ec. of 2-5 N HC1 in all 

Main part 2 ec. of phosphate-Ringer in all 

Tissue - + + 4- H- + 

Annular trough 0-5 cc. Ba(OH) 2 solution in all 

Readings. After 10 mins, in bath, readings of all manometers taken. 


Acid tipped in 

Tip 

Tip 

No 


No 

Tip 

No 

Pressure changes at 30' + 

6 

4- 14-0 

34-0 

- 

25-0 

+ 14-o — 

44-0 

intervals corrected for 
thormobarometor (mm. 


Tip again 
+ 0-5 

36-5 


24-0 

Tip again 

42-0 

Brodie fluid) 

— 

— - 

36-5 

- 

25-0 

— _ 

41-0 


— 

— _ 

34-0 

- 

23-5 

- 

42-5 


— 

— _ 

33*5 

- 

22-5 

— _ 

41-5 



— 

35-0 

- 

24-0 

— 

43-5 


— 

— Tip 

— + 206-5 

4- 

Tip 

145-5 

—- + 

Tip 

248-5 

Dry weights of tissue (mg.) 

— 

11*79 

Tip again 

8-01 6-16 

— + 

7-19 

0-5 

12-54 

Area of slices (mm. 2 ) 

— 

130 

130 


130 

90 

90 

Thickness (mm.) 

— 

0-45 

0-3 


0-25 

0-4 

0-65* 

Calculation: 

Aoa 

— 

— 

209-5 

- 

144-0 

— _ 

234-5 


— 

— 

1-54 


1-754 

— 

1-693 

Total oxygen consumed 

— 

— 

3230 


253-0 

— 

4310 

(ram. 8 ) 

AcOa + 

6-0 

+ 14-5 + 

206-5 

+ 

145-5 

+ 14-5 + 

249-0 

&C0 3 

Total C0 2 (mm. 8 ) 

1-674 

1-832 

1-678 


1-892 

1*66 

1-831 

10-6 

26-6 

346*5 


275-5 

24-1 

456-0 

Correction for solutions 

— 

10-6 

10-6 


10-6 

10-6 

10-6 

Preformed C0 2 in tissue 

— 

16 or 

— 


— 

13-5 or 

— 

(mm. 8 ) 

Correction for tissue (moan 


1*36 per mg. 

13-0 


1-88 per mg. 
10-0 — 

20-4 

of II and V multiplied by 
weight) 

Total C0 2 produced in mm. 8 

— 

—. 

322-9 


254 9 

— 

425 0 

R.Q. 

— 

— 

100 


I *01 

— 

0-99 

Qq , (oxygen: mm. 8 re- 

— 

— _ 

13-4 

- 

13*7 

— _ 

11-4 

spired per lir. per mg. 
dry weight) 


Although this piece of tissue was too thick, the value of r.q. is unaffected. 
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Introduction. 

The experiments described in this paper were undertaken in the hope of 
throwing some light on the question of the oxidation mechanisms of nerve 
and of brain tissue. The data at present available show that the rate of oxygen 
consumption by the two tissues is vastly different. There can be no doubt that 
the brain as a whole uses oxygen at a very much greater rate than does peri¬ 
pheral nerve. The literature bearing on this point has been briefly discussed 
in previous communications [Holmes and Gerard, 1929; Holmes, 1929,1] and 
will not again be referred to here. How far these data can be accepted in a 
strictly quantitative sense is, of course, open to question. All the experiments 
on the intact brain have necessarily involved the use of anaesthesia at some 
stage in the proceedings, while there is no means of judging how far isolated 
portions of brain may be expected to behave as they would in situ , In the 
experiments on nerve, the tissue has always been isolated. Still, isolated 
nerves can be proved to be functionally active, and it seems reasonable to 
assume that the oxygen which they use can be taken as a fair measure of that 
demanded by them while in situ in the living animal. On the whole, therefore, 
brain is likely to be more adversely affected by experimental conditions than 
is nerve, and probably experiments have under-rated, rather than over-rated, 
the true difference between the tissues. 

In the present experiments, isolated rabbit or guinea-pig nerves have been 
employed, and their oxygen consumption has been determined by the use of 
a JSareroft’s differential manometer. The brain tissue was that of cats, rabbits, 
and mice. Sometimes chopped whole brain was used; sometimes slices of 
cortex were employed; the oxygen uptake was observed in the same way as 
was that of the nerves. 

1. Oxygen uptake of untreated tissue. 

In the first place, the oxygen uptake of cortex slices, chopped whole brain 
(mixed grey and white matter), pure white matter from the spinal cord and 
peripheral nerve, was compared (Fig. 1). In these, and in subsequent experi¬ 
ments mentioned in this paper, the tissue was put up in a fluid having the 
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following composition: Ringer’s solution 80 parts, M/2 acid potassium phos¬ 
phate 20 parts, NaOH, sufficient to bring the p l{ to 7-6. 

It will be seen that the most rapid uptake is that of the cortex (it has been 
found that it matters little whether it is chopped or sliced) and that the uptake 
of whole, chopped brain is less. In the case of white matter from the spinal 
cord (obtained by exposing the cord and cutting off strips of the posterior 
columns with sharp scissors) affairs are very different. While rabbit cortex 
takes up about 1200 mm. 3 of 0 2 per g. of tissue per hour, white matter takes 
up only from 200 to 300 mm. 3 , an amount not very much greater than that 
used by peripheral nerve. This is hardly a matter for surprise, since one has 
no reason, at present, to suppose that the conducting elements inside the 



Fig. 1. Rabbit. 

central nervous system differ in any essential way (except in power of regenera¬ 
tion) from those which carry impulses to and from the periphery. With regard 
to the uptake of oxygen by cortex, it must be remembered that the brain 
tissue was bathed only in Ringer’s solution. If 0-25 % glucose is added to the 
fluid, the uptake in 3 hours is about doubled. In life, the cells are bathed in a 
fluid containing glucose, and in all probability therefore, from this cause alone, 
their uptake in vivo is much greater than these experiments indicate. 

The results obtained with grey matter agree on the whole with those of 
Loebel [1925] (allowing for the fact that he used rat-cortex, and worked at 
40°), while those for nerve tally well with Gerard’s results [Holmes and 
Gerard, 1929] and with those of Sherif [1929]. It has been found that there is 
a very marked difference in the rate of oxygen consumption of brain tissue of 
different species, in the sense that smaller animals give tissue with a larger 
uptake. Loebel’s values for rat-brain are rather higher than those here re¬ 
ported for rabbit (even allowing for the fact that he worked at a higher 

Biochem. 1930 xxtv 58 
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temperature). Experiment shows, on the other hand, that chopped mouse- 
brain (whole) takes up oxygen more quickly even than rat-cortex (e.g. over 
1600 mm. 8 per hour). Dixon and Elliott [1929] on the other hand, report 
much lower values for ox-brain. 

2. Oxidation mechanisms. 

Attempts to investigate some of the oxidation mechanisms involved have 
naturally followed the lines laid down by the work of Keilin [1929] 1 . 

A series of preliminary experiments with “Nadi” reagent left no doubt 
that grey matter gave a much more active indophenol oxidase reaction than 
did either white matter or peripheral nerve. Vernon [1911, 1912] had pre¬ 
viously investigated the indophenol oxidase activity of various tissues, among 
them brain. He made his experiments quantitative by comparing the in¬ 
tensity of colour formation by various tissues after a given time. He observed 
that the intensity of the reaction varied inversely with the size of the animal. 
He does not seem to have employed nerve, nor to have differentiated in the 
brain between grey matter and white. In all cases he found that the most 
active reaction was given by heart muscle, and that cerebral cortex occupied 
a high place on the list. 

Work on quantitative lines was undertaken in the present circumstances 
as follows. The oxygen uptake of the washed tissue, ground and suspended in 
buffered Ringer’s solution, to which p-phenylenediamine was added, was 
observed in a Barcroft’s apparatus. Without added p-phenylenediamine, 
the 0 2 consumption of the suspensions was almost nil. Rabbit, mouse, ox and 
cat tissues were used at different times, and all gave similar results. 

Cat tissues were the most convenient, since from these animals fresh tissue 
can be obtained in adequate amounts; they have been used to construct the 
curves in Fig. 2. Keilin’s [1929] instructions were followed in preparing the 
tissue emulsions, the volumes of fluid being proportionately reduced to suit 
the smaller amounts of tissue. In each case, to provide a basis for comparison, 

1 cc. of tissue suspension was pipetted into the cup of the Barcroft’s apparatus, 
and a similar amount, measured with the same pipette, was introduced into 
a crucible, and dried at 100°. The crucible was weighed, ignited, and re-weighed, 
the difference giving the amount of organic matter present. The results are 
expressed as mm. 8 of oxygen per 100 mg. of organic matter. 

This experiment leaves no doubt that the indophenol oxidase of grey matter 
is much more active than that of white matter, or of peripheral nerve. The ratio 
of the total uptakes in this particular case is grey: white: nerve = 26*2: 4*3:1. 
The difference is very much greater than that shown by the total oxygen up¬ 
takes of the three tissues, though the latter is obviously in the same direction. 
Since, according to Keilin, the function of indophenol oxidase is to oxidise 
cytochrome reduced by the tissue dehydrases, it seemed possible that the 
distribution of the pigment in the three tissues might follow similar lines. To 
' 1 See also review by Dixon [1929]. 
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investigate this, a rabbit was anaesthetised with ether, the chest opened, and 
cannulae tied into the aorta and right ventricle. The pulmonary artery was 
clamped, and the animal perfused through the aorta with Ringer’s solution 
kept in a reservoir at 37°, the fluid escaping through the cannula in the right 
ventricle. (The purpose of the perfusion is, of course, to remove haemoglobin.) 
When about 4 litres of fluid had been run through, the perfusion was stopped, 
and the brain, portions of white matter from the spinal cord (posterior and 
lateral columns), and the sciatic nerves were removed. The three tissues were 
examined for cytochrome by means of a microspectroscope by Mr R. Hill. 
He reported that, in the cortex, there was about half as much cytochrome as 
in yeast; that is, much more than in skeletal muscle, but less than in heart 



Fig. 2. Cat. 


muscle. White matter from the cord contained J to \ as much as cortex; he 
could not state with certainty that any of the pigment was present in the 
nerves. The comparison is necessarily rough, and is based on measurement of 
the thickness of the slices of tissue which give absorption spectra of equal 
intensity. It is interesting that the amounts of cytochrome in cortex and white 
matter are approximately in the same ratios as the intensity of the indophenol 
oxidase activity—about 4 to 1 in the one case and 6 to 1 in the other. 

Since nerve is relatively so deficient in indophenol oxidase and cytochrome, 
it would be of interest to see if this fact could be correlated with its incapacity 
to oxidise lactic acid, a feature of its metabolism which has been previously 
reported [Holmes and Gerard, 1929], Thunberg states that lactic acid will 
donate hydrogen to methylene blue in the presence of nerve under anaerobic 
conditions; it seemed, therefore, possible that methylene blue might act as a 
carrier of hydrogen, in the presence of oxygen, and enable lactic acid to 

58—2 
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be oxidised, thus replacing the absent oxidase system. Nerve was therefore 
put up in a Barcroft’s apparatus with 0-5 % lithium lactate, in buffered 
Ringer-phosphate (p H 7*6) containing methylene blue M/ 2500. Some experi¬ 
ments showed no increase in oxygen uptake in the presence of methylene blue 
and lactate, others an increase so slight that it cannot be accepted as signi¬ 
ficant. 

3. Dehydrase systems. 

The fact that nerve tissue will reduce methylene blue in the absence of 
oxygen [Thunberg, 1923; Sherif, 1929] shows that it possesses dehydrase 
systems, and Thunberg reports that certain substances—glutamic acid, 
ketoglutaric acid, succinic, fumaric, and lactic acids—are capable of acting as 
hydrogen donators to methylene blue. Sherif finds that neither the presence 
of glucose nor of galactose effects any decrease in the reduction time. 

Herter [1905] showed that methylene blue was reduced by brain tissue in 
vivo , and was re-oxidised again if the brain was exposed to the air after the 
death of the animal. Szent-Gyorgyi [1924] found that succinic acid acted as 
a hydrogen donator to brain tissue in vitro. He was able to show that, in the 
case of brain (unlike that of other tissues), the rate of oxidation of succinic 
acid was not limited by the rate of activation of oxygen. It has already been 
remarked that, in the present experiments, methylene blue was found to have 
no effect on the oxygen uptake of nerve. Table I shows some results obtained 
during the course of the present work with grey and white matter of ox-brain. 

Table I. 

Reduction times in mins. 

Grey matter White matter 
Control 13J 70 

M150 Lithium lactate 7 24 

Mj 100 Glucose 6 48 

M /100 Galactose 10 70 

It is quite evident, from these figures, that the dehydrase mechanisms of 
grey matter, like the indophenol oxidase, are far more active than are those 
of white matter. 

Since grey matter consumes oxygen so readily, and since its oxidation 
mechanisms seem to act so much more intensely than those of white matter 
or nerve, it is of interest to see what information is available as to the sub¬ 
strates which the three tissues are able to use. 

It is well known that cortex^ or whole brain, causes the rapid disappearance 
of lactic acid, provided oxygen is available [Warburg et ah, 1924; Holmes and 
Holmes, 1925J. It is also known that the tissue can convert glucose to lactic 
acid with great rapidity. From Table I it will be seen that the reduction time 
of methylene blue by ox-cortex is about equally rapid in the presence of glucose, 
as it is in that of lactic acid. To decide whether glucose was oxidised as such, 
or was first converted to lactic acid, advantage was taken of the fact that 
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fluoride would prevent the formation of lactic acid by brain tissue [see Ashford 
and Holmes, 1929]. 



The present experiment was arranged as follows. Equal amounts of chopped 
brain tissue (rabbit and mouse) were put up in each of four Barcroft's ap¬ 
paratus 1 . The cups of the first contained plain Ringer s solution, buffered with 
phosphate to p H 7*6. The second contained a similar solution plus 0-25 % 
glucose, the third, as well as the glucose, 0*01 M sodium fluoride, and the fourth 
001 M sodium fluoride, but no glucose. The curves of oxygen uptake are given 



in Fig. 3. It will be seen that the extra oxygen uptake due to the glucose is 
very greatly inhibited by the fluoride. There is also some inhibition of uptake 

1 I have to thank Mr C. A. Ashford for assistance with these experiments. 
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by the fluoride in the case of the tissue to which no glucose was added. This 
presumably indicates the inhibition of lactic acid formation from some pre¬ 
cursor already present in the tissue. To test this point, the experiment was 
repeated with washed tissue. Washing very much decreases the oxygen up¬ 
take of chopped brain, and the uptake is restored by adding glucose. Fig. 3 a 
shows that this restoration is largely prevented by 0-01 M NaF. At the same 
time, fluoride still has some effect on the reduced uptake which goes on in the 
absence of glucose, suggesting that perhaps here it exerts an effect on the 
metabolism of other substances besides lactic acid—a very probable happening, 
in view of the findings of other workers. 



Fig. 4. Mouse. 

It may be remarked that from previous experience [Ashford and Holmes, 
1929] a complete inhibition of lactic acid formation by 0-01 M NaF was not 
to be anticipated; the figures previously reported indicated an inhibition of 
about 80 %, 

» If now, instead of glucose, lithium lactate be used in the above experiment, 
there is no inhibition of oxygen consumption: the “lactate” and “lactate and 
NaF” curves are almost identical (Fig. 4). It seems safe, therefore, to conclude 
that glucose must be converted into lactic acid before it can be oxidised by 
the grey matter. 

As has previously been reported [Sherif and Holmes, 1930] the only effect 
of the addition of glucose to peripheral nerve is to prolong the period during 
which a nerve is able to take up oxygen at an approximately linear rate. Even 
this effect is usually only discernible during the course of an experiment 
deliberately prolonged for many hours. The same appears to be fame of white 
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matter from the cord, though the point has not yet been very fully investigated; 
it can, however, be said with certainty that in the case of such white matter 
there is no marked increase in oxygen uptake in the presence of glucose, such 
as is invariably obtained with grey matter in similar circumstances. It has 
been shown [Holmes and Gerard, 1929] that there is no disappearance of lactic 
acid from peripheral nerve when the tissue is kept in oxygen. It is, therefore, 
to be expected on all these grounds that fluoride has no influence on the oxygen 
uptake of nerve. Fig. 5 shows that this expectation is realised. 



4. Oxidation of lactic acid by “ central” white matter. 

Most of the facts so far elicited seem to suggest that white matter from the 
central nervous system behaves very much like peripheral nerve, a finding 
which at least fits in with anatomical and histological conceptions. It is, there¬ 
fore, disconcerting to find that white matter incubated aerobically seems to 
possess some power of causing the disappearance of lactic acid. Its per¬ 
formance in this respect is a very poor one compared with that of grey 
matter; it seems, however, that it must be accepted as real. 

The results of a number of experiments are given in Table II. The amounts 
of tissue available when rabbits or cats were employed was small, and the 
experimental error correspondingly large (in the neighbourhood of 10 %). 
The final experiment, however, in which ox-brain was used and ample tissue 
was available, seems to put the matter beyond doubt. 

The white matter, in most of these experiments, was placed in a cup of a 
Barcroft’s apparatus and shaken in a thermostat at 37° for 3 hours, the oxygen 
uptake being measured at the same time. The tissue is much more friable than 
is peripheral nerve, and at the end of the experiment is, for the most part, 
broken up; nerve, of course, in similar circumstances, remains intact. An 
experiment with finely chopped nerve did not, however, show any fall in 
lactic acid, so that apparently the phenomenon is not dependent upon the 
mechanical disintegration of the tissue. 



922 


E. G. HOLMES 


Table II. 



Lactic acid: mg. per 






100 g 

fresh tissue 

o a 

Duration 




r 


absorbed 

of exp. 

Temp. 



Initial 

Final Change 

(mm. 8 ) 

(hours) 

0° 

Tissue 

I* 

108 

88 - 20 

— 

21 

37 

Cat’s cord 

2| 

102 

40 - 62 

885 

3 

37 

Rabbit’s cord 

3 

93 

109 4- 16 

781 

3 

37 

a 

4 

107 

115 + 8 

845 

3 

37 

»» 

5 

119 

81 - 38 

751 

3 

37 

>> 

6 

134 

102 - 32 

830 

3 

37 

»» 

7 

83 

84 - 1 

566 

3 

37 

»» 

8 

118 

110 - 8 

794 

3 

37 

»» 

9 

116 

109 - 7 

575 

3 

37 

Cat's cord 

10 

102 

72 - 30 

— 

3 

37 

Rabbit’s cord 

Ht 

J153 (a) 

120 - 33 

— 

3 

37 

Ox-brain 

1154 ( b) 

121 - 33 

— 

3 

37 

tt 

Average 

116 

96 - 20 

753 

— 

— 



* Tissue kept in a tube in 0 2 . All remainder shaken in air. 

t Extraction with trichloroacetic acid used for estimation. All remainder worked up by 
technique described by Holmes and Gerard. 

i “a” and “5” duplicate samples, each of 3 g. 


5. Effect of washing nerve and brain tissue. 

Whatever the materials may be which are responsible for the oxygen con¬ 
sumption of nerve, they are not easily washed away. There is very little 
difference between the oxygen uptake of nerve that has been soaked in Ringer's 
solution for 4 hours and one kept in a moist chamber for the same period 
(Fig. 6). The observations of Meyerhof and Schmidt [1929] on the r.q. of 
resting nerve suggest that fats are being oxidised, and this, perhaps, fits in 
with the foregoing observations. 

In contrast to this, soaking the chopped brain tissue for 4 hours in Ringer's 
solution reduces the oxygen uptake enormously (Fig. 6): in contrast to nerve, 
therefore, either the brain depends chiefly on freely diffusible substrates, or its 
oxidising mechanisms are damaged by this treatment. To try to decide between 
these possibilities, two mice were killed, their brains chopped and sampled, 
and the chopped tissue soaked for 4 hours in Ringer's solution. The oxygen 
uptake of the washed tissue was very small, but was very much increased by 
the presence of 0*25 % glucose in the fluid (compare Fig. 3 a ). In another 
experiment, it was found that 0*5 % lithium lactate had an even more pro¬ 
nounced effect. Clearly, in brain as in many other tissues, washing removes 
substrates, but leaves oxidising mechanisms intact. 

That lactic acid is not the only substance oxidised by brain tissue is clear 
from a consideration of the following experiments. 

(a) 2 g, of chopped rabbit brain were shaken in a Barcroft’s apparatus 1 at 
37° in air for 276 minutes. During this time, they consumed 5393 mm. 8 of 
oxygen. Another 2 g. sample of the same lot of tissue gave an initial value for 

1 Apparatus specially constructed to deal with large amounts of tissue, to he described later 
i n reporting other work. 
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lactic acid of 2*53 mg. The oxygenated sample contained at the end of the 
experiment 0*41 mg. 2*13 mg. had therefore disappeared. 

Supposing this to have been oxidised, it would have required 1555 mm. 3 
of oxygen: 3838 mm. 3 of oxygen are therefore “surplus” and must have been 
used for oxidising other substances. It may be objected that there is no proof 
that lactic acid was not formed and oxidised during the course of the experi¬ 
ment, so that, in reality more disappeared than is indicated by these figures. 
We have previously shown, however, that the anaerobic increase in lactic 
acid is small [Holmes and Holmes, 1925 ; Ashford and Holmes, 1929]: there is 



Fig. 0. Mouse brain and rabbit nerve: effect of washing. 

very little precursor available in the tissue, and 2*53 mg. is nearly, if not quite, 
a maximum value. At the most, an extra 0-5 mg. of lactic acid might have 
appeared. 

(b) Six mice were starved for 12 hours. Three of them were then given 
4 units each of insulin (Burroughs Wellcome) subcutaneously. After 1 f hours, 
these three all showed severe hypoglycaemic symptoms. Both groups of mice 
were then killed, their brains excised, and the two groups of brains separately 
chopped and sampled. 100 mg. of tissue were then taken from each group, 
and the oxygen uptake observed (Fig. 7). The remainder of the tissue was used 
for lactic acid determinations, which gave the following values: normals 
1*148 mg. per g.; insulin 0-560 mg. per g. 1 


1 I have to thank Mr C. A. Ashford for performing these estimations. 
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It is obvious that the oxygen consumed by the brains of the insulin- 
treated animals is less than that consumed by the normals. It is also plain 
that there is a very definite oxygen consumption still taking place even though 
there is very little lactic acid available. 

It would seem, reviewing the evidence that has so far been brought for¬ 
ward, that we have to do with two very different types of metabolism in the 
brain and in the purely conducting parts of the nervous system. Such a 
conclusion only bears out many already well-known facts of physiology, such 
as the great sensitivity of the brain, and the relative insensitiveness of nerves 
to oxygen lack. We must assume for the present that these differences are 
characteristic of the nerve cell, or perhaps of the synapse on the one hand, 
and of the conducting elements on the other. The rate of oxygen consumption 
of conducting elements is of the same order, whether they be central or peri¬ 
pheral. Nerve cannot oxidise lactic acid, either at rest or during activity 



[Holmes, Gerard and Solomons, 1930]. “Central” white matter can do so, 
but only to a limited extent. Carbohydrate disappears from resting nerve if 
oxygen is available, but, even if it is oxidised, it can account for only a part of 
the observed oxygen consumption [Holmes and Gerard, 1929]. 

In grey matter, replacing, or perhaps superimposed upon, a metabolism 
of this type, there appears to be another of a more intense kind. Oxygen is 
used far more freely, and the substance oxidised is certainly, in great part, 
lactic acid, though there is clear evidence that other substrates contribute a 
very appreciable quota. 

The tissues dealt with in these experiments have been medullated nerve 
md nerve cells from the mammalian central nervous system. It is worth 
recalling that both the heat production [Hill, 1929] and the oxygen consump¬ 
tion [Meyerhof and Schultz, 1929] of non-medullated nerve are far greater 
than those of medullated nerve, and that the carbohydrate content [Holmes, 
1929, 2] of the former is many times greater than that of the latter. No 
cytochrome could be detected by the writer in non-medullated nerve ganglion. 
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Summary. 

1. It has been shown that the various types of tissue that compose the 
central nervous system in mammals have different rates of oxygen consump¬ 
tion, and that the activity of grey matter is in this respect far greater than 
that of white matter, whether the latter forms part of the central system or 
is taken from a peripheral nerve. The term grey matter necessarily includes 
without discrimination both nerve cells and synaptic junctions. 

2. The distributions of indophenol oxidase and of cytochrome run (roughly) 
parallel both to each other and to the rate of oxygen consumption of the 
different types of tissue. 

3. The greatly increased oxygen uptake which grey matter displays in the 
presence of glucose is dependent upon the conversion of the glucose to lactic 
acid, and disappears if this conversion is prevented by fluoride. 

4. Besides lactic acid, there are certainly other substrates responsible for 
some of the oxygen uptake by brain tissue; and as these substrates are not 
easily removed by washing, they are probably not carbohydrate in nature. 

5. Carbohydrate is probably not responsible for any considerable part of 
the oxygen uptake of nerve, but this statement must carry the reservation 
that little or nothing is known of the part played by the carbohydrate fraction 
of the cerebrosides. 
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CII. SELECTIVE FERMENTATION. I. 
ALCOHOLIC FERMENTATION OF GLUCOSE, FRUCTOSE 
AND MANNOSE MIXTURES. 


By HARRY SOBOTKA and MIRIAM REINER 1 . 

From the Laboratories of Mount Sinai Hospital , New York . 

(Received May 27th , 1930.) 

The knowledge of the chemical reactions involved in alcoholic fermentation 
and related glycolytic processes has been augmented in recent years by 
numerous researches on the later stages leading to the final products, carbon 
dioxide and alcohol. Although the individual enzymes forming the complex 
catalytic system “ zymase ” have not been separated, nor their scope, specificity, 
mode of action, and other properties definitely established, future findings may 
be expected to conform with our general conception of the mechanism of 
fermentation. Comparatively little is known of the primary reactions leading 
from carbohydrate to structures of three carbon atoms. The observation of 
Harden and Young coupling the evolution of carbon dioxide with the phos¬ 
phorylation of a quantitatively correlated amount of sugar is the bridge 
between the two stages of alcoholic fermentation. Analogies occur in the 
carbohydrate metabolism of animal cells. 

The most striking feature of glycolysis, its high stereochemical specificity, 
remains to be explained. A number of investigators, Dubrunfaut [1847], 
and especially Bourquelot [1886] and Slator [1908], demonstrated that the 
“zymohexoses,” glucose, fructose and mannose are fermented at about equal 
rates when offered singly to yeast, but from a mixture like invert sugar, glucose 
is preferred to fructose. Gayon and Dubourg [1890] were the first to observe 
that some Sauterne wine yeasts behaved differently and preferred the laevo- 
rotatory moiety of invert sugar, The selectivity of dried yeast (zymin) and 
yeast juice (Buchner's zymase) usually parallels that of the fresh yeast from 
which they are prepared, but in some cases Fernbach, Schoen and Mori.[1927] 
observed a reversion of selectivity. Fernbach and Schiller [1924] noted that 
culturing in alkaline media will influence the selective power of a “glucose”- 
yeast in the direction of increased fructose fermentation. The laws of these 
phenomena and of similar ones observed in other sugar mixtures will offer a 
clue to the mechanism of fermentation. 

The speed of fermentation is independent of the sugar concentration within 
wide limits, and depends only on the concentration of the yeast. As the final 

1 7ra flora HemBheiitt TfcftRAArnli ‘Fftllmxr. 1020. 
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step of alcoholic fermentation, the evolution of carbon dioxide and alcohol, is 
common for all fermentable sugars, it is not surprising that the formation of 
the end-products from a mixture should be controlled by the amount of 
carboxylase present. Carbon dioxide is released at a slower rate from the 
mixture than the sum of the rates in separate fermentation; the rate of 
fermentation is barely greater for the mixture than that of the faster fermenting 
component (cf. Table II, last column). The fermentation of glucose and fructose 
was treated quantitatively by Wi list litter and Sobotka [1922]. The selectivity 

of a yeast is expressed by a factor K G ; F = 9 w ^ ere Vo an( l z o are the 

initial concentrations of glucose and fructose ai.d y and z their concentrations 
at any given time. It was found that the average factor was K g j f = 2*94 for 
Munich Loewenbran yeast. This factor changed to 1*89 when the yeast was 
cultured on a fructose medium. Hopkius [1928; cf. Ivecovich, 1930], using 
the same formula, found h G f F about 1*8 for an. English top brewery yeast; this 
figure was unaffected by culturing on fructose. 

In view of the great variations of enzymic content with type and strain, 
we determined the selectivity of various yeasts in the present study. We found 
2-10- 2-21 for a bottom brewery yeast (New York Lager), 2*4(5 for American 
baker's yeast, 2*98 for a top brew T ery yeast (New York Ale), and 4*03 for 
Set echo romyces Marxianus. We tried to verify the preference for fructose in 
two strains of Sauterne yeast which w^e obtained from the Versuchs-Anstalt 
fur Brauwesen in Vienna and from the Institut fur Garungsgewerbe in Berlin. 
However, they showed a preference for glucose. Culturing the Vienna strain 
on fructose reduced K g j f from 4*0 to 2*(> and subsequent cultures on grape 
juice reached K G j F = 2*33, which still signifies a preference for glucose. This 
limited adaptation to fructose resembles the behaviour of Munich brewery 
yeast. The K q j f of the New York Lager yeast was not reduced by culturing 
on fructose; it is analogous in this respect to Hopkins’s brewery yeast which 
was unchanged by fructose treatment. K g!f — 2 seems to be the lower limit 
of fructose adaptation. This limit was not reached by the Berlin strain which 
showed K g j f ~ 2*8 to 2*9 when cultured on fructose. The yeasts which were 
transferred from fructose to maltose media reached K G / F = 4*0 and 3*6 and 
the Berlin yeast also reached K g j f = 3*85 when removed from an active 
fermentation of saccharose before the glucose component had disappeared. 

Relation of selective fermentation to saccharose and maltose. 

According to recent investigations of Weidenhagen [1930] the multiplicity 
of saccharase, maltase, raffinase and related enzymes can be reduced to one 
a-glucosidase and one /J-fruetosidase. As these enzymes are instrumental in 
the formation of fructose and glucose from higher saccharides, we surmised 
a correlation between these specific hydrolysing enzymes and the analogous 
specific zymases. However, treatment of yeast as devised by Willstatter, 
Lowry and Schneider [1925] to increase or decrease the saccharase content 
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failed to change the selectivity for glucose-fructose fermentation. This 
selectivity was also unaffected by the addition of large quantities of purified 
saccharase. 

S. Marxianus contains fructosidase but no glucosidase, as it does not 
hydrolyse or ferment maltose; nevertheless, it has a decided preference for 
glucose over fructose. 

Fermentation of mixtures containing mannose . The average K q j m was 3*8 
with wide variations for the Lager yeast, although the rate of fermentation 
for the two aldoses was practically equal under the experimental conditions. 
Even fructose was preferred to mannose at a rate of K F f M = 1*39. The value 
of 2*73 for K Q j F calculated from the two mannose factors tallies with those 
obtained experimentally in glucose-fructose mixtures. 

Experimental. 

The specific rotation of the sugars used was verified and [a] D = — 93*6 -f 
0*64 (t° — 20) [Laborde, 1913] was used for the temperature correction of 
fructose. The original brewery yeasts contained 75 % water on the average. 
Ail the other yeasts were cultured in synthetic media containing 4 % of the 
respective sugar besides 0*25 % KILjPC^, 0*25 % peptone, 0*025 % MgS0 4 ,7 aq 
and 0*01 % CaS0 4 [Willstatter and Steibelt, 1921] and isolated after a number 
of 2-3 day passages by centrifugation (average moisture ~ 75 %). 

The fermentations were carried out at room temperature. 50 cc. of a 20 % 
yeast suspension were mixed with 75 cc. of a 10 % sugar solution and samples 
withdrawn at the times given. The progress of fermentation was followed in 
the van Iterson-Kluyver apparatus [van der Haar, 1920] with 1 cc. of the 
fermentation mixture containing 60 mg. sugar. The theoretical amount of 
carbon dioxide from this amount of sugar with the necessary corrections for 
absorption, temperature and pressure is 15*6 cc. at 20° and 760 mm. The figures 
given in Table I under C0 2 represent volumes measured in % of the theoretical 
total. Fermentation in the samples was stopped by addition of a few crystals 
of sulphosalicylic acid and rapid centrifugation. The clarified supernatant liquid 
was analysed polariscopically and by the Hagedora- Jensen method in Hanes’s 
modification or by the Bertrand method. Corrections were applied for the 
yeast blank when necessary. The reduction of the sugar mixtures was inter¬ 
polated from the reduction values of their constituents. 

Table I gives examples for each yeast used. K a / F was computed by using 
the decimal logarithms of the sugar concentrations as given in the preceding 
columns in % of total sugar originally present. 

A synopsis of our experiments is given in Table II. The time necessary for 
evolution of half the theoretical amount of carbon dioxide was noted in the 
Kluyver apparatus. The relative speeds of fermentation for glucose, invert 
sugar and fructose were referred to that of fructose » L These figures are , 
recorded in the last two columns of Table II. The deviation from unity is, with 
very few exceptions, less than 10 %, in accordance with previous investigations* 



Table I. Determination of K g j f (ratio glucose fermentation!fructose 
fermentation) in various types of yeast. 

Not fermented in % of 


Yeast 

and 

Time 

Sugar 

(actual 

Optical 

rotation 

Specific 

rotation 

total original sugar 

A 

Total 


00 8 

temp. 

(min.) 

%) 

1=2 dm. 

sugar 

Glucose 

Fructose 

KqIf 

% 

1. Lager 

0 

6-30 

- 2*26° 

- 17*92° 

100*0 

49*6 

50*4 

— 

— 

30° 

60 

504 

- 2*37 

- 23*51 

80*0 

36*5 

43*5 

2*08 

— 


90 

4-40 

- 2*38 

- 27*07 

69*8 

30*0 

39*8 

2*13 

— 


120 

3*74 

- 2*32 

- 31*01 

59*4 

23*9 

35*5 

2*08 

2*10 


2. Ale 

0 

6-48 

- 2*02 

- 15*6 

100*0 

53*2 

46*8 

— 

— 

21° 

120 

5-57 

- 2*31 

- 20*75 

86*0 

42*7 

43-3 

2*85 

— 


210 

4-66 

- 2*62 

- 28*1 

71*9 

32-1 

39*8 

3*12 

2*98 

— 

3. Baker’s 

0 

6*55 

- 2*99 

- 22*8 

100*0 

48*65 

51*35 

— 

— 

20° 

130 

3*37 

- 3*04 

- 45*1 

51*5 

17*25 

34*25 

2*56 

30*3 


215 

1*40 

- 1*89 

- 67*7 

21*3 

3*85 

17*45 

2*35 

2*46 

54*5 

4. 8. Marx. 

0 

614 

- 2*57 

- 20*9 

100*0 

49*55 

50*45 

— 

— 

21-5° 

150 

4-58 

- 3* 14 

- 35*25 

74*6 

29*5 

45*1 

4*65 

18*6 


255 

3-64 

- 3*43 

- 47*1 

59*35 

18-75 

40-6 

4*49 

30*1 


335 

2*96 

- 3-49 

- 58*8 

48*35 

11*35 

37*0 

4-76 

4*63 

39*8 

5. Vienna 

0 

6*31 

- 2*59 

- 20*5 

100*0 

50*5 

49*5 

— 

— 

Saut. on 

70 

5-73 

- 2-64 

- 23*0 

90*8 

44*4 

46*4 

217 

— 

gr. juice 

115 

5-20 

- 2*75 

- 26*45 

82*4 

38*3 

44*1 

2*40 

— 

17-5° 

160 

4*53 

- 2-81 

- 31*0 

71*8 

311 

40*7 

2-48 

— 


245 

4-00 

- 2*70 

- 33*75 

63*4 

26-35 

37*05 

2*25 

2*33 


6. Berlin 

0 

5*60 

- 2*62 

- 23 4 

100*0 

48-0 

52*0 

— 

— 

Saut. on 

95 

4-54 

- 2*81 

- 30*9 

81*0 

34-75 

46*35 

2*82 

16*0 

fructose 

145 

3*60 

- 2*93 

- 40*7 

64*3 

23*3 

41*0 

3*04 

34*0 

o 

O 

©1 

197 

3-08 

- 2*77 

- 44*7 

55*0 

18*4 

36*6 

2*73 

2*90 

42*3 

7. Berlin 

0 

5*74 

- 2*60 

- 22*7 

100*0 

48-35 

51*65 

— 

— 

Saut. on 

50 

4-66 

- 2*99 

- 32*1 

81*4 

34*3 

47*1 

3*74 

14*7 

sucrose 

85 

3*50 

- 2*99 

- 42*75 

61*1 

19*9 

41*2 

3*93 

26*3 

20° 

130 

301 

- 3*01 

- 50*0 

52*6 

14*1 

38*5 

4*19 

40*4 


190 

1-99 

- 2*46 

- 62*0 

34*7 

6*05 

28*65 

3*53 

3*85 

53*8 

8 a. Lager 

0 

6*46 

- 2*44 

- 18*9 

100*0 

50*9 

49*1 

— 

— 

+ sac¬ 

90 

3-78 

- 2*56 

- 33*85 

58*5 

23*8 

34*7 

2*19 

32*7 

charose 

21° 

135 

2*28 

- 2*32 

- 50*9 

35*3 

10*2 

25*1 

2*41 

2*30 

50*0 

8 b . Lager 

0 

6*40 

- 2*49 

- 19*45 

100*0 

50*55 

49*45 

— 

— 

(control) 

90 

3*79 

- 2*62 

- 34*55 

59*2 

23*8 

85*4 

2* 25 

33*3 

21° 

135 

2-26 

- 2*22 

- 49*15 

35*3 

10*6 

24*7 

Mannose 

2*25 

225 

Kq'm 

51*2 

9. Lager 

26® 

0 

6*40 

+ 4*08 

+ 31*85 

100*0 

46*0 

54*0 

— 

— 

60 

4*70 

4* 2*61 

4- 27*75 

73*5 

25*9 

47*6 

4*55 

— 


90 

3*70 

4- 1*87 

+ 25*2 

57*8 

16*55 

41*25 

3*80 

— 


120 

2*90 

+ 1*37 

4* 23*85 

45*3 

11*35 33-95 

Fructose Mannose 

3*02 

3*8 

Kfm 


10. Lager 

0 

6*38 

- 4*70 

- 36*8 

100*0 

49*1 

50*9 

1*30 

— 

26° 

60 

4*40 

- 3*00 

- 34*2 

68*9 

32*1 

36*8 

— 


90 

2*44 

- 2* 10 

- 30*8 

53*5 

23*2 

30-3 

1*44 

— 


120 

2*54 

- 144 

- 28*4 

39*8 

16*35 

23*45 

1*42 

1*39 
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Table II. Ratio of glucose fermentation/fructose fermentation in separate 

and mixed solutions . 






Ratio for 






rate of 





KafF 

separate 

Ratio 




(for 

term. 

invert sugar/ 

Yeast 

Exp. 

Remarks 

mixture) 

gluo./fruot. 

fructose 

Lager 

No. 1. 

Orig. (12. vii. 1929) 

2-10 

1*06 

1*03 



Orig. (22. xi. 1929) 

2-18 

— 

— 



Orig. (4. xii. 1929) 

2*21 

0*91 

1*07 



Grown on fructose 

2*50 

0*98 

Ml 


No. 8 a. 

Saccharase added 

2*30 

0*98 

1*32 


No. 86. 

Control 

2*25 

1*02 

1*20 



Enriched in saccharase 

2*24 

0*77 

1*00 



Poor in saccharase (acid 

2*13 

1*00 

— 



treatment) 




Vienna Sauteme 


Grown on maltose 

3*98 

0*98 

0*98 



Grown on fructose I 

312 

1*06 

1*00 



Grown on fructose II 

2*60 

104 

1*01 



Grown on glucose 

2*89 

0*95 

0*96 


No. 5. 

Grown on grape juice 

2*33 

1*15 

— 



Recultured on maltose 

3*97 

1*00 

1*03 

Berlin Sauteme 


Grown on fructose 

2*80 

0*87 

1*16 



Grown on maltose 

3*62 

1*00 

0*97 



Grown on saccharose 

2*80 

0*89 

0*98 


No. 7. 

Grown on saccharose (in¬ 

3*85 

0*98 

1*19 



terrupted) 





No. 6. 

Grown on fructose 

2-90 

0*99 

1*01 

Ale 

No. 2. 

Orig. (5. xii. 1929) 

2*98 

1*21 

0*85 

Baker’s 

No. 3. 

Orig. (10. xii. 1929) 

2*46 

1*00 

0*99 

S . Marxianus 

No. 4. 

Grown on saccharose 

4*63 

0*98 

1*40 


The saccharase determination of the Lager yeast yielded a saccharose value 
[Schneider, 1929] of 0*0044. By the stimulating treatment of Willstattcr, 
Lowry and Schneider [1925] this value was more than doubled; by acid treat¬ 
ment it was reduced to 0*0017. The K Q / F of these yeasts did not differ from the 
values for the original yeasts. 

In Exp. 8,166 mg. purified “Invertase scales ” of a saccharase value 0*325, 
comprising the saccharase content of more than 10 g. yeast, were added to 
100 cc. of a Lager yeast fermentation. No change of K q j f was noted. 

Summaby. 

» 1. The factor K q j f for several types of yeast was determined. All types 

preferred glucose to fructose at a rate of 2 : 1 or higher. 

2. This factor is subject to changes depending on the culture medium used. 

3. No correlation was found between selective fermentation and saccharase 
or maltase content. 

4. The selective fermentation of mixtures of mannose plus glucose and 
mannose plus fructose was studied. 

We wish to thank Mr Leo Wallerstein for samples of yeast and of concen¬ 
trated invertase. 
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CIII. THE HEAT-STABILITY OF THE (ANTI¬ 
DERMATITIS, “ANTI-PELLAGRA”) WATER- 
SOLUBLE VITAMIN B 2 . II. 

By HARRIETTE CHICK and ALICE MARY COPPING. 

From the Department of Experimental Pathology , Lister Institute , London . 

(Received June 19th , 1930.) 

The following experiments form a continuation of those recently published 
by Chick and Roscoe [1930] which indicated that vitamin B 2 in yeast or yeast 
extracts, though relatively stable to temperatures at 100-120° in acid solution, 
was sensitive to these temperatures if the reaction were alkaline. Thus, at 
ju H 5*0-3*0 there was a 50 % loss in vitamin B 2 content after heating for 4-5 
hours at 123°; at p u 8*3-10*0 a loss of between 75 and 100 %. When heated 
for 2 hours at 90-100° in faintly acid solution no loss in potency was detected; 
at Pu 8*3, on the other hand, about one-half was lost and even when main¬ 
tained for 10 days at room temperature (summer) in a weakly alkaline solution 
there was a loss of about one-third of the original strength. Vitamin B 2 was 
estimated by the method previously described [Chick and Roscoe, 1928]. 

These conclusions are not in accord with those of Reader [1929,1930], who 
found vitamin B 2 able to withstand heating for 1 hour at 120° at 9*0, or of 
Narayanan and Drummond [1930], who state that no appreciable destruction 
of this vitamin takes place when yeast products are heated for 1-3 hours at 
110-120° in a solution containing 10-15 % barium hydroxide. 

This divergence is of more than usual interest, for the stability of vitamin B 2 
to heat and alkali is important in the chain of arguments indicating the 
existence of Reader’s third water-soluble B vitamin. This new factor is stated 
to differ from vitamin B 2 in being sensitive to heat and to alkali. 

u Criterion used and methods employed in estimation of vitamin B 2 . 

In the experiments of Reader and of Narayanan and Drummond, as well 
as in our own, the criterion used in the detection and assay of vitamin B 2 was 
*the power to promote or restore growth in young rats receiving diets complete 
in every other respect. It is obvious that a more satisfactory criterion than 
growth, because more specific, would be the cure of the dermatitis (? rat- 
pellagra) which develops in young rats after several weeks of vitamin B a 
deficiency.. Such experiments are by nature unsuited for quantitative work 
owing to the irregularity of these symptoms as regards their nature, time of on¬ 
set and degree of severity. Nevertheless, it was felt that they might provide 
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useful confirmation of previous work [see Chick and Roscoe, 1930, p. Ill] and 
in this hope the following experiments have been carried out. The results have 
confirmed our previous findings in demonstrating that the curative property for 
ratdermatitis, present in yeast extract equally with the power to restore growth 
of rats on diets lacking only vitamin B 2 , is sensitive to high temperatures in 
alkaline solution. 


Technique of the curative tests. 

The increase in body weight of young growing rats is extremely sensitive to 
deprivation of vitamin B 2 . When these animals are placed on diets from which 
this vitamin is absent, increase in weight usually ceases within a few days 
and it is only in exceptional circumstances (as for example in the condition 
known as refection [Fridericia et al ., 1927: Roscoe, 1927]) that an approach to 
even subnormal growth is manifested. The onset of the characteristic derma¬ 
titis is, however, more irregular. Sometimes it is marked after (5-8 weeks of 
deprivation; on the other hand, it may take 20 or more weeks to develop. The 
distribution, character and severity of the skin affection also vary greatly 
[Chick and Roscoe, 1928]. The curative tests described below were carried out 
on a collection of “ negative ’’ control rats belonging to different litters which, had 
been maintained for various periods on the standard “ — B 2 55 diet for the express 
purpose of studying these skin lesions. As will be seen from the details set 
out in the accompanying table, these varied considerably, but in selecting 
animals for the tests care was taken that, as far as was possible, the doses of the 
materials compared were administered to animals whose condition was similar. 

The symptoms usually present when treatment began were the following. 
Sunken eyes with blood-stained secretion and inflamed eyelids, inflamed 
skin, bare of fur, surrounding the eyes giving a characteristic “spectacled” 
appearance. The fur was thin and poor, especially over the head, neck and 
chest; in severe cases the bald patches often developed into raw areas spreading 
round the axilla and down the forearm. The wrists of the forepaws were almost 
invariably stained wdth the bloody discharges from eyes and nostrils, as the 
result of incessant rubbing. The fur of the lower part of the abdomen was also 
stained reddish brown with w r hat appeared to be blood from the urine. These 
stains, however, unlike those on the wrists, have repeatedly failed to give the 
characteristic tests for blood or blood-pigments. 

The stains in both places are alike the first symptoms to disappear, often 
within a day or two after treatment with an adequate curative dose. Next in 
order, the eyes usually recover their normal prominent position and the skin 
begins to assume a healthy texture and appearance. Lastly, new fur makes 
its appearance, 2-3 weeks being needed before the coat may be described as 
normal. 

A set of skin appearances differing somewhat from the above was frequently 
encountered in our earlier work, but now rarely occurs [Chick and Roscoe, 
1928, p. 795]. These include (1) inflammation of the tips of the ears, which 
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become cheesy in texture and, during the cure, shed their dead epidermis in 
flakes, (2) an oedematous inflammation of the digits of the paws, which be¬ 
come bright red in colour. On one occasion these symptoms made their 
appearance while cure of a rat (564 ?) with general dermatitis was being 
attempted with an inadequate dose of material containing vitamin B 2 , 
suggesting the possibility that a small, though inadequate, amount of vitamin 
B 2 in the diet was necessary for demonstration of these more florid skin 
symptoms of vitamin B 2 deficiency [see also Sherman and Sandels, 1929], 

It is worth noting that these particular symptoms of vitamin B 2 deficiency 
have been less frequent since the use of more highly purified caseinogen in the 
basal diet, although the failure to grow and the development of a generalised 
dermatitis have been more constant. The suggestion that these florid symptoms 
are induced by a less complete deprivation of vitamin B 2 is confirmed by the 
fact that, on one occasion, a rat (456 ?) exhibiting these symptoms, but other¬ 
wise in good condition, was slowly cured when treated with a yeast extract 
which had been autoclaved at 120° for 4 hours in alkaline solution, this being 
the only instance where material so treated has, in our experience, exhibited 
curative properties for the dermatitis caused by vitamin B 2 deficiency. 

An analogous instance is probably that of rats receiving diets almost, but 
not entirely, deprived of the antineuritie vitamin B x . In the course of several 
weeks such rats will often develop the characteristic paralysis due to vitamin 
B ± deficiency, whereas those suffering complete deprivation usually die in 
3-4 weeks from collapse without manifestation of any nervous affection 
[Hofmeister, 1922, 1, 2]. 

Vitamin B 2 material used in the present tests. 

A 0*01 % acetic acid extract was prepared from washed brewer's yeast, 
sample XXIV, similar to that made from yeast XII, used in the experiments 
of Series B (Table II) described in the previous paper [Chick and Roscoe, 1930]. 
One portion (a) of the extract was acidified to p K 2-5, and a second portion ( b) 
made alkaline by addition of sodium hydroxide to p H 10*3, the hydrogen 
ion determinations being made with a hydrogen electrode. After heating for 
4 hours at 119° the p R of (6) (which had fallen to 9*6) was adjusted to about 
3*0 for storage. That of (a) remained at 2*5. Both solutions were adjusted to 
their original volume and in the following tests of the curative power of the 
two solutions all doses are reckoned as the equivalents of the original yeast 
, f (dry weight). 

No tests were made with the unheated material, as it was felt that no 
accurate quantitative results could be expected from such curative tests and that 
it would be sufficient to determine the relative curative value of the materials 
heated in acid and alkaline solution respectively, comparing the results 
obtained with those of the previous work when growth was the criterion. Ten 
tests were made, six rats being treated with material (a) and four with (6). 
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Eesults of the curative tests. 

Yeast extract autoclaved in acid solution . 

Of six rats treated with doses of this material, three received a daily dose 
equivalent to 0-5 g. yeast. They all showed marked improvement in a week, 
and normal appearance of skin and fur was attained in 2 J to 3 weeks (rats 045, 
574, 624). Simultaneous with the improvement in the skin condition there 
was immediate resumption of growth, the average weekly increase in body 
weight being 10 -20 g. 

With smaller doses of the same material the result was not so dramatic. 
Eat 589, which had a severely affected skin after 16 weeks’ deprivation of 
vitamin B 2 , received the equivalent of 0*33 g. yeast daily for 4| weeks. At the 
end of this time the body weight had increased by 38 g. (from 00 to 104 g.), and 
the skin and fur, though much improved, were not quite restored to a normal 
condition. Eats 664 and 564 received the equivalent of 0*16 g. yeast daily. 
This proved inadequate for complete cures, though the skin condition was 
improved and growth was resumed. 

Yeast extract autoclaved- in alkaline solution. 

Four rats received this material in doses equivalent to 0*5-1 *0 g. yeast daily, 
for periods of from 3 to 5 w'eeks; they showed no improvement and in three 
cases the skin lesions became definitely worse. For example, rat 599, with 
only a moderate skin affection, received the equivalent of 1 *0 g. yeast for 
23 days, during which time the symptoms became progressively more severe. 
Bare, desquamating patches of skin developed round the eyes, and on the 
neck and shoulders bald areas appeared, which later became raw and inflamed. 
Diarrhoea also occurred and there was a slight loss in weight (10 g.). 

Eat 565 received a dose equivalent to 0*5 g. yeast daily for 21 days during 
which the skin symptoms became steadily worse, and there was slight loss of 
weight. Increasing the dose to the equivalent of 1 *0 g. yeast was of no use, 
but, when this was replaced by extract autoclaved in acid solution equivalent 
to 0*5 g. yeast, a swift improvement took place. In 10 days the skin had 
assumed a healthy appearance, new fur was growing, the blood-stained dis¬ 
charges from nose and eves had discontinued and the diarrhoea, which had 
developed during the preceding period, also disappeared. There was an increase 
in weight of 27 g. in the 10 days. 

Eats 616 and 635 received the material treated in alkaline solution in the 
equivalent of 0*5 and 1*0 g. yeast respectively. Eat 616 became definitely 
worse during the 27 days of its treatment and lost 9 g. in weight; rat 635 on 
the larger dose maintained weight and continued with symptoms unchanged 
for 5 weeks. The subsequent cure of these two rats took place wuth material 
kindly provided by Dr Eeader. This material was a solution of marmite auto¬ 
claved at 120° for 1 hour at p B 9*0 and was found by Dr Eeader to be effective 
in curing the characteristic dermatitis due to deficiency of vitamin B 2 , but 



* Heat-stability of vitamin B 2 in yeast extract (XXIV). Autoclaved at 119° for 4 hours. 
Curative tests. Vitamin 'provided as Peters’s concentrate. 
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incapable of restoring growth on basal diets lacking in vitamin B 2 and 
provided with abundant vitamin B x . In our experiments, not only were the 
skin lesions rapidly healed but immediate vigorous growth took place. The 
weight of rat 635, on the dose prescribed by Dr Reader, was increased by 72 g. 
in 3 weeks and that of rat 616, on about half this dose, by 56 g. in the same time. 

This divergence would be explained if our preparation of vitamin B x 
(Peters’s concentrate prepared from brewer’s yeast) contained Dr Reader’s 
third factor. We are now examining this preparation for evidence of any factor 
other than the antineuritic vitamin and are endeavouring to separate it, if 
present. The results of these researches will be published shortly. At the 
present time we can only report that we have failed to obtain satisfactory cures 
of dermatitis unaccompanied by increase in weight. Another possible explana¬ 
tion of the results obtained with Dr Reader’s solution is that the material was 
originally so rich in vitamin B 2 that the residue, after exposure to 120° for 
1 hour in alkaline solution, still contained sufficient in the doses given to cure 
the dermatitis and to stimulate growth in the rats of our experiment. 

Summary. 

1. An extract made from washed brewer’s yeast (XXIV) by boiling in 
dilute acetic acid, after being heated in acid solution (p H 2*5) for 4 hours at 
119° (solution a), retained its power to cure the skin affection in rats due to 
deprivation of vitamin B 2 swiftly and completely in doses equivalent to 0*5 g. 
yeast (dry wt.) and more slowly and less completely in doses equivalent to 
0*16-0*33 g. yeast. 

2. When the same extract was exposed to the same treatment in alkaline 
solution (p H 10*3-9*6) (solution b), no curative properties could be demon¬ 
strated in doses equivalent to 0*5 g. or 1*0 g. yeast and in three out of four 
cases the skin affection became rapidly worse. 

3. Growth of the rats was parallel with the changes in the condition of the 
skin; when treated with solution (a) growth was restored, with solution (b) 
body weight remained stationary or decreased. 

In conclusion we wish to thank Dr Reader for providing the material used 
for the cure of rats 565 and 616, and Messrs Watney, Coombe, Reid & Co. 
for providing the brewer’s yeast from which our extract was made. 

r 
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OF THE OXYTOCIC PRINCIPLE OF THE 
PITUITARY GLAND. 

By JOHN HENRY GADDUM. 

From the National Institute for Medical Rematch, Hampstead , N.W. 3. 

(Received June 20th , 1930.) 

It lias long been known that the substance in the posterior lobe of the pituitary 
gland which produces contractions of the uterus is destroyed by alkalis in the 
cold [Guggenheim, 1914], is stable in weakly acid watery solution, and is 
destroyed by boiling in strong acids [Abel and Nagayama, 1920; Dale and 
Dudley, 1921]. 

Adams [1917] showed that when weakly acid extracts were heated the 
oxytocic activity, measured on the guinea-pig s uterus, disappeared from the 
solution in such a way that its rate of disappearance at any moment was 
proportional to the activity present at that moment. The solutions were much 
more stable at p n 3 than at p H 5. 

This paper deals with a number of determinations which have been carried 
out, under ray direction, by my assistant, L. S. Drewell, with the object of 
obtaining more complete quantitative knowledge of the stability of this sub¬ 
stance. Buffered extracts were prepared from the British standard preparation 
of the posterior lobe, heated for different times and assayed. The tests were 
carried out on the virgin guinea-pig's uterus by the method described by Dale 
and Laidlaw [1912], the details of the apparatus being those described by Burn, 
and Dale [1922]. The results are comparable with, and in many ways similar 
to, the results obtained by Krogli and Hemmingsen [1928] in their study of 
the action of heat on insulin. For the sake of uniformity the notation of these 
authors has been adopted in the present paper. 

Methods. 

Heating was carried out in ampoules of hard glass, sealed and placed in a 
water-bath, the temperature of which was maintained constant. This was 
effected either by means of a toluene regulator, or when, as in most cases, 
temperatures near to 100° were required, by boiling the water and maintaining 
its level with an overflow tube—a procedure which produced a constant 
temperature of about 99°. 

Over a wide range of p H it would be inconvenient to study the rate of 
destruction at low temperatures, since it would be necessary to keep the 
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extracts for many months in order to get any considerable destruction. The 
effect of p n on the stability has, therefore, been most completely studied at 
99°. The application of these results to the stability at lower temperatures is 
discussed below. 

The hydrogen ion concentration of the solutions was buffered where 
possible with NaOH and NaH 2 P0 4 in different proportions [Prideaux, 1911]. 
Potassium was excluded from the solutions because it would have interfered 
with the final assay. Between p H 3 and p H 5-5, where the buffering of phos¬ 
phates is slight, Walpole’s HCl-acetate mixtures were used. For one measure¬ 
ment at p H 8*5 Palitsch’s boric acid-borate mixture was used [Clark, 1928]. 

The total concentration of phosphate, acetate or borate was Nj 7, so that 
these solutions were approximately isotonic with blood. Thep H of the solutions 
was determined colorimetrically, and in most cases electrometrically, and was 
found not to differ widely from the p n calculated from the weights of the salts 
used in preparing the buffer. Solutions of 1 and p K 2*1 were obtained by 
diluting a standard extract in 0-25 % acetic acid with HC1, so that the final 
concentration of HC1 was Nj 10 and JV/100. Similar solutions in NHCl, 
N NaOH and Nj 10 NaOH were taken to represent p n 0, p n 14, p H 13. In 
these very acid and alkaline solutions the initial concentration of the pituitary 
extract was 1 unit per cc. In all the other experiments it was 2 units per cc. 

The measurements of p H were made at room temperature, whilst most of 
the experiments were carried out at about 100°. It is improbable that this 
circumstance introduced any considerable error since the p B of phosphate 
buffers [Walbum, 1920], acetate buffers [McIntosh and Smart, 1920; Clark, 
1928], and strong acids and bases are said to be practically unaffected by 
changes of temperature. In all cases the solutions were made faintly acid for 
testing. 

In the case of the observations between p n 3 and p u 7*25 extracts were 
made by boiling the standard powder in the buffer solution for 10 minutes, 
cooling and filtering. The filtrate was heated to a known temperature for a 
known time and its activity then determined by comparison with a standard 
extract in 0*25 % acetic acid. The assumption was made that the extraction 
was complete, and a small correction was applied for the loss of activity during 
the initial 10 minutes’ boiling. In the case of the observations at p H 11*1 it 
was possible in the light of more complete knowledge to adopt a more satis¬ 
factory procedure. The extraction was carried out in a solution of acid sodium 
phosphate. A portion of this extract was kept as a standard solution and 
another portion was treated with a suitable quantity of NaOH, maintained 
at a constant temperature for a definite time and then faintly acidified with 
HC1, cooled, made up to a known volume and tested. 

The course of the reaction . 

If Adams’s [1917] conclusions as to the course of the reaction are correct, 
the velocity of the change may be measured, like that of the destruction of 
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insulin, in terms of a constant k which is equal to the rate of fall per hour of 
logio C (where C is the concentration of the active principle). 

The fact that k remains constant has been confirmed by carrying out two 
or more experiments at each of seven different values of the p H in which the 
time of heating was varied. These results are shown with others in Fig. 1. 
The values of k showed no regular tendency either to increase or decrease and 
the variations which occurred were no larger than might have been expected. 



Pa 

Fig. 1. Abscissae— p ll . Ordinates—log k —where k is rate of destruction at 99°. Dots represent 
direct observations. Crosses represent results calculated from observations at 25°. 

In order to determine k under any particular circumstances it is desirable 
that the reaction should continue until destruction is nearly complete, since in 
this case the error of the assay has less effect on the result. The experiments 
have therefore been planned so that the percentage destruction was always 
over 50 and usually about 90, but it was, of course, not possible to ensure 
uniformity in this respect. 


The effect of temperature. 

The variation of the velocity of the reaction with the absolute temperature 
T is defined with sufficient accuracy by Arrhenius’s equation 

* ( TizIA 
h ~ k 0 e 2 ' T ' T ° ' , 

where ky and £ 0 are the rates of destruction at absolute temperatures T x and T 0 . 
Measurements have been carried out at j^ H 6-55 and at p n 11*1 and the results 
are recorded in Table I. In each case three estimates of the constant jjl in the 
above equation have been obtained by combining the result of the experiment 
at 99° with the results of those at lower temperatures. 
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Table I. 


Temp. ° 

Time of 
heating 
(hrs.) 

Aotivity 

left 

0 / 

/o 

k 

(corrected) 

V 

99 

1-88 

p u 6*55 
17*6 

0*503 


80 

16*0 

1*39 

0*111 

20,900 

so 

42-0 

11*6 

0*02 

20,500 

50 

69*2 

33*8 

0*0056 

22,100 

99 

01 

Pnlbl 

8*0 

10*97 


74-5 

0*783 

3*0 

1*94 

18,200 

50 

10*68 

3*3 

0*142 

21,300 

25 

47*67 

33*3 

0*01 

21,000 


The variations in fx are irregular and are not large considering the methods 
used. .For the purpose of calculation it is assumed that fx has a constant 
value of 21,300—an estimate of its value which was obtained graphically. 
These observations have also been taken to justify the assumption that the 
value of fx is independent of the p n . The absolute value of fx is low compared 
with the values obtained for the spontaneous disintegration of various more 
complex substances [Arrhenius, 1915]. It is lower than the value obtained 
for the destruction of insulin—28,300 [Krogh and Hemmingsen, 1928], but 
it is high compared with the values met with in most chemical reactions. 

The effect of hydrogen ion concentration. 

The variation of k with the p n is large and in order to get all the readings 
on the same curve the has been plotted in Fig. 1 not against k but against 
its logarithm. The readings shown by dots were obtained in the boiling water- 
bath, the temperature of which was 99°. The readings shown by crosses were 
obtained at 25° and the values which would have been obtained at 99° were 
calculated from the data given above and plotted. 

In the region of strong acidity the results fall on a straight line the slope of 
which indicates that the rate of destruction is directly proportional to the 
hydrogen ion concentration. 

In the region of strong basicity the results also fall on a straight line, but 
in this region the rate of destruction is proportional to [C OH ] 0 ' 73 . 

The effect of variation of the p H on the stability is at a minimum between 

7 and 8. 

For the sake of comparison similar curves for insulin and for acetylcholine 
are shown. The former is taken from the paper by Krogh and Hemmingsen 
’*[1928]. The latter was obtained by combining some observations published 
by Hofmann [1930] with some unpublished observations which Dr K. Mathes 
has kindly allowed me to use. 

One experiment was carried out to test the possibility that the rate of 
destruction was considerably affected by the amount of salt in the solution. 
It was found that when the concentration of phosphate at 7*2 was divided 
by ten, the other factors remaining constant, the value of log k fell by 1 0*071. 
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It was concluded that if any salt effect is present it is small compared with the 
other factors and it has been neglected. 

All the results are summarised in Fig. 2. 



log k Time Temperature Percentage 

destruction 


Fig. 2. Log Jc is determined on scale B by aligning the on scale A with the temperature on 
scale D. The percentage destruction is obtained on scale E by aligning log k on scale B with 
the time on scale C. 
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The use of this nomogram is most readily explained by taking an example. 
The of the standard extract in 0-25 % acetic acid is about 4 [Kamm et al. y 
1928], If a thread be stretched from p H 4 on scale A to 100° on scale D it 
will be found that when this solution is boiled log k =» 2*9. By stretching the 
thread through 2*9 on scale B and 10 minutes on scale C it is found that when 
this solution is boiled for 10 minutes about 3 % of the oxytocic principle 
is destroyed. Similarly, if this solution is kept for a year at 0° the loss of 
activity is about 5 % and would probably not be detected. This last conclusion 
has been confirmed. 

It should be emphasised that these results were obtained with extracts of 
a powder which contained all the substances present in the posterior lobe of 
the pituitary which are soluble in water, but not in acetone. It is possible that 
preparations that are either more or less pure may give different results. It 
has, however, been found that the stability of the preparation known as 
“pitocin” or “oxytocin” [Kamm et al. y 1928], at p n 7 and 99°, is identical, 
within the error of the method, with that of the oxytocic substance in the 
comparatively crude extracts used in the present experiments. 

Summary. 

The rate of destruction of the substance in watery extracts of the standard 
preparation of the posterior lobe of the pituitary gland, which causes contrac¬ 
tion of the guinea-pig’s uterus, has been measured at different hydrogen ion 
concentrations and at different temperatures. The results are summarised in 
a nomogram (Fig. 2) which gives the amount of destruction to be expected 
when a solution of any given p lx is heated for any given time at any given 
temperature. 
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By Robert Keith Caxnan. 

From the Department of Physiology and Biochemistry , University College , 

London. 

{Received Jane 25th , 1930.) 

The important part played by acid amides in the protein metabolism of the 
plant is too well known to require emphasis: these substances have long 
attracted the attention of plant chemists on account of the relative ease with 
which asparagine and glutamine—the only amides which have yet been found 
in natural products—can be isolated from plant extracts. It is perhaps less 
well known that the amount of these two amides which can be obtained in 
crystalline form from any given plant extract is always less than that which 
the “amide-nitrogen,” as determined by Sachsse's method [1873], suggests 
should be present. Two explanations of this readily suggest themselves. In 
the first place the presence of other soluble plant products prevents the 
crystallisation of the total amount of asparagine or its copper salt. Where 
the amount of these other products is small, as in intensely etiolated lupin 
seedlings, Schulze [1880] obtained a yield of 90 % of crystalline asparagine; 
but in less intensely etiolated plants, or in the normal green plant wherein the 
other products predominate, the yield is always low and seldom exceeds 30 %. 
In the second place, it may well be that amides other than asparagine or 
glutamine are present in the plant, and that these have so far escaped detection 
because they possess different solubility properties from the other two amides. 
Schulze admitted this alternative, which appears the more probable from 
Vickery’s [1924] recent work on the water-soluble nitrogenous materials of 
green alfalfa plants. Vickery’s results suggest that the possible unknown 
amides were similar to asparagine and glutamine, i.e . they were monoamides 
of monoaminodicarboxylic acids. As on theoretical grounds it would seem 
possible that one of these might be a hydroxyasparagine, the synthesis of 
the i-hydroxyasparagines was undertaken so that future search for one of the 
possible new amides in plant products could be guided by a knowledge of the 
chemical and physical properties of these substances. 

The synthesis presented in some ways the same difficulties which confronted 
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Piutti [1888] when he worked out the constitution and synthesis of the a - and 
/?-asparagines. These arose chiefly from the fact that the action of hot alcoholic 
ammonia on the diethyl ester of aspartic acid did not give the expected di¬ 
amide, but a ring product, “aspartimide,” which was afterwards shown by 
Fischer to be the diamide of 2 : 5-diketopiperazine-3 : 6-diacetic acid. In the 
present instance it was found that the action of hot alcoholic ammonia on the 
diethyl ester of the anti -acid led to considerable decomposition, and no definite 
substance could be isolated from the resulting dark brown oil. The synthesis 
of the diamide was, however, readily accomplished by the method of Fischer 
and Konigs [1904], who showed that the diethyl ester of i-aspartic acid and 
fluid ammonia at room temperature reacted to produce the diamide of l - 
aspartic acid (yield about 50 %) and “aspartimide.” This diamide on standing 
with cold aqueous baryta gave a good yield of 1-jS-asparagine. 

i-para- and i-aw/i-Hydroxyaspartic acids were synthesised from maleic 
acid without difficulty by Dakin's [1921] method and reacted with fluid 
ammonia to give the diamide in good yield, together with other products 
which probably correspond to “aspartimides.” When the diamide was allowed 
to stand with cold aqueous baryta partial hydrolysis occurred, with the forma¬ 
tion of both the a- and /?-hydroxyasparagines. 


CO . NH a 

COOH 

Ah. OH 

I 

Ah . oh 

i 

CH. NH* 

CH . NH 2 

AoOH 

Ao.NHj 

8- Hydroxyasparagine 

a- H y droxyasparagine 

a) 

(2) 


The a- and /?-hydroxyasparagines are readily differentiated by means of 
their copper salts. The j8-amide (1) gives a normal copper salt containing one 
equivalent of the metal, whereas the a-amide (2), having the hydroxyl group 
contiguous to a carboxyl group, takes up two equivalents, indicating that the 
hydrogen of the hydroxyl has been replaced by metal. Similar abnormal salts 
are given by hydroxyaspartic acid itself, by ^oserine, and, as is well known, by 
malic and tartaric acids. Confirmatory evidence of the position of the amide 
group in these two amides is given by the biuret reaction. Schiff [1900] 
showed that the colour developed depends on the number of carbon atoms 
separating the NH 2 -groups. The amide which the copper salt suggests is a~ 
hydroxyasparagine gives a red-violet (oxamide type) colour, showing that 
the NHfc-groups are attached to adjacent carbon atoms, while the /?-hydroxy- 
asparagine gives a blue-violet (malonamide type) colour, showing that the 
NH 2 -group8 are connected through a chain of three carbon atoms. Similar 
colour reactions are given by a- and /3-asparagine respectively. 

The a-hydroxyasparagines crystallise with 1 H 2 0 in well-defined stars and 
long tapering needles, somewhat resembling glutamine. They are readily 
distinguishable from i~/?~asparagine. The crystals of the /3~hydroxyasparagines 
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however are anhydrous, and under the microscope exhibit rhombic hemihedral 
forms which are indistinguishable from those of ^-asparagine. Unlike the 
latter they exhibit no tendency to form large crystals on slow evaporation of 
an aqueous extract, a difference which is still apparent when a mixture of the 
two is allowed slowly to crystallise. 

With regard to the general properties of the hydroxyasparagines, the a - 
and /?-forms, as mentioned above, are readily distinguishable by their differ¬ 
ences in water of crystallisation, crystalline form, and copper content of the 
copper salts. They also exhibit different dissociation constants. No differences, 
however, have been noted—except perhaps slight ones in solubility—between 
the corresponding anti- and para- forms. 

Both the a - and /?-hydroxyasparagines reduce permanganate fairly readily 
in neutral solution, an observation which can be used to distinguish them 
readily from /-^-asparagine. They give no reaction with Fenton’s reagent for 
tartaric acid, and their colour reactions with various phenols and sulphuric 
acid do not differ in any marked way from those given by /-^-asparagine. 
Like the latter, also, they have no sharp melting or decomposition point: when 
heated they slowdy darken above 175° and decompose between 230° and 250°. 

As to the possible presence of a hydroxy asparagine in plant products the 
following observations may be of use. 

(1) With mercuric nitrate they give heavy white precipitates similar to 
that given by /-/3-asparagine. 

(2) The copper salts are practically insoluble in cold water, but are fairly 
readily soluble in boiling water in contradistinction to the copper salt of /-/?- 
asparagine, which is soluble only with difficulty in boiling water. The copper 
salts of the hydroxyasparagines are soluble in excess of copper acetate. 
Boiling with excess of freshly precipitated cupric hydroxide or with copper 
carbonate is therefore recommended in any attempt to isolate these salts from 
plant extracts. Differences in the colours of these various salts which are noted 
below’ may prove, in practice, to be somew hat deceptive, as the exact shade 
of blue varies somewhat with the degree of fineness of the crystals. 

(3) If one equivalent of aqueous baryta be added to a solution of any 
hydroxyasparagine and carbon dioxide passed, no precipitate of barium 
carbonate occurs, even on boiling, indicating the presence of either an abnormal 
barium salt or carbamate. Sufficient material has not been available further 
to investigate this interesting observation. 

(4) The a-hydroxyasparagines crystallise so readily and have such a small 
solubility in cold ’water that it is improbable that they would have escaped 
detection had they been present to any extent in plant extracts. The ^-hydroxy- 
asparagines, however, are much more soluble in w r ater, and have been found 
in certain cases to crystallise only with great difficulty in the presence of much 
foreign material. They might well be present in the syrupy mother liquors 
which are known to contain so much of the unaccounted “amide-nitrogen ’ of 
plant extracts. 

Biochem. 1030 xxiv 


60 



948 


A. C. CHIBNALL AND R K. CANNAN 


(5) Plant chemists occasionally identify asparagine by its crystalline form 
and nitrogen content, and also glutamine by the copper content of its copper 
salt. It may not be out of place to call attention to the fact that for all practical 
purposes /?-hydroxyasparagine (C 4 H 8 0 4 N 2 ) and /3-asparagine (C 4 Hg0 8 N 2 , H 2 0) 
have the same crystalline form and nitrogen content, and that the copper 
content of the copper salt of /?-hydroxyasparagine is the same as that of the 
copper salt of glutamine. 

Experimental. 

i-Hydroxyaspartic acids. Dakins method [1921] was followed in all essential 
details. Maleic acid was used as the starting material for the synthesis of 
bromomalic and chloromalic acids, which were then heated with strong 
ammonia at 100° for 10 hours to give a mixture of the i-hydroxyaspartic acids. 
These were separated by fractional crystallisation. 

i-para-// ydroxyaspartic acid diethyl ester. 6 g. of finely powdered acid were 
suspended in 50 cc. of absolute alcohol and esterified in the usual way with 
hydrogen chloride. The ester hydrochlorides were decomposed with K 2 C0 3 , 
the ethereal solution of the esters dried with anhydrous sodium sulphate and 
the ether removed in high vacuum at 30°. The ester was a pale yellow viscous 
oil. Yield 5*5 g. or 70 % of theory. No attempt was made to purify the product 
by distillation in vacuo , as Dakin states that this leads to considerable decom¬ 
position. (Found: C, 46*1; H, 7*2; N, 0-8. C 8 H 16 0 6 N requires C, 46*8; H, 7*3; 
N, 6*8 %.) 

i-para -Hydroxyaspartic acid diamide. 6*3 g, of the diethyl ester were 
placed at the bottom of a thick-walled Carius tube, which was then cooled 
by solid carbon dioxide and acetone. Three to four volumes of fluid ammonia 
were then run in and the tube sealed. The tube was removed from the bath, 
allowed to attain room temperature and gently shaken to mix the ester and 
fluid ammonia. At the end of the first day small white crystals appeared in 
the liquid, and at the end of the fourth day, when the tube was opened, the 
walls of the tube in contact with the fluid were covered with a crystalline mat. 
The fluid ammonia was allowed to evaporate slowly. The resulting yellow 
crystalline mass was scraped out of the tube, powdered, extracted twice with 
40 cc. of warm ethyl alcohol to remove unchanged ester and dried in vacuo 
over solid sodium hydroxide. Yield 4*2 g. Found: N, 27*1 %; C 4 H 0 O 8 N 8 re¬ 
quires N, 28*6 %, so that products other than the diamide had been formed. 
These could not be separated by extraction with warm ethyl alcohol as in the 
case of the corresponding anti-preparations, for the diamide is itself somewhat 
soluble in this reagent. The mixture was very soluble in cold water, but on 
standing for some days a small amount of crystalline diamide separated. Re¬ 
crystallised from a little hot water it was obtained in well-formed cubes and 
rectangular plates, (Found: C, 32*5; H, 6*1; N, 28*7. C 4 H 9 0 8 N 3 requires 
C, 32*6; H* 6*1; N, 28*6 %.) Heated in an open capillary tube it darkens 
slowly above 170°, shrinks at 173° and melts with decomposition and evolution 
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of gas at 174° (eorr.). The diamide reacts alkaline to litmus, and, as one would 
expect, gives an intense red-violet biuret reaction. It is freely soluble in warm 
water, and when pure is much less soluble in cold water. It is somewhat 
soluble in warm methyl and ethyl alcohols, only slightly soluble in the cold 
solvents or in acetone, and is insoluble in ether. 

It gives a heavy white precipitate with mercuric nitrate, soluble in excess 
of nitric acid and a precipitate with mercuric chloride which dissolves on warm¬ 
ing and reappears on cooling. It gives a small precipitate with phosphotungstic 
acid on standing, but none with chloroplatinic acid or with concentrated 
sulphuric acid. The aqueous solution on boiling slowly gives off ammonia. 
When 0-35 g. dissolved in 350 cc. of water was boiled gently in a flask about 
one-quarter of the total nitrogen was removed in about 16 hours. The solution 
slowly darkened and on allowing the residual liquid to evaporate slowly to 
a syrup in a desiccator a dark brown gum, similar to that given by the action 
of hot alcoholic ammonia on the ester, was obtained. The action of a mild 
alkali, such as baryta, results in the splitting off of one amide group, with the 
liberation of one-third of the total nitrogen as ammonia and the formation of 
a mixture of the two monoamides. 

i-a-Hydroxy a spa ragi ne . 3*5 g. of the crude para-diamide were dis¬ 
solved in a little water and placed in a Van Slyke apparatus for determining 
amide-N in vacuo. Water containing 6 g. of crystalline baryta was then added, 
and the total volume made up to 70 cc. At the end of 16 hours the ammonia 
set free w T as distilled off in vacuo , the residual liquor filtered to remove a small 
white deposit, which probably contained barium pa ra - hydro xy a sp ar ta t e, and 
barium removed exactly with sulphuric acid. The resulting solution was con¬ 
centrated to 40 cc. in vacuo and allowed to stand overnight. 0*85 g. of crystal¬ 
line material, consisting chiefly of tapering needles and complicated stars, 
was removed. On standing for a further 36 hours another 0*29 g. of similar 
material was obtained. The combined crystalline fractions were dissolved in 
45 cc. of hot w^ater, filtered from a small amount of insoluble residue and 
allowed to crystallise slowly. The resulting product, when view r ed under the 
microscope, was seen to consist almost entirely of tapering prisms and stars, 
with only occasional plates of the /3-amide. After two further crystallisations 
from water a product (0*8 g.) free from the /1-amide w r as obtained. It crystal¬ 
lises from water in fine tapering prisms and stars of complicated form, and 
contains I H 2 0 which is only removed in high vacuum at 100°. (Found: 
C, 28*7; H, 5-9; N, 17*1; H 2 0, 10-8. C 4 H 8 0 4 N 2 , H 2 0 requires 0, 28*9; II, 6-0; 
N, 16*9; H 2 0, 10*8 %.) It is freely soluble in boiling w 7 ater, and crystallises 
readily from solution on cooling. At 18° it is soluble in about 125 parts of 
water. If a solution of the amide is first neutralised by the addition of one 
equivalent of sodium hydroxide and excess of a strong solution of copper 
acetate added, the solution turns a deep blue and becomes strongly acid to 
litmus, owing to the liberation of acetic acid and the formation of an abnormal 
salt containing two equivalents of copper. It crystallises readily in microscopic 
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aggregates of stars and needles containing 1 H 2 0, winch is not readily removed 
at 105°. (Found: KjO, 8*0. Cu(C 4 H 6 0 4 N 2 ), ILfi requires H 2 0, 7-9%,) For 
analysis the material was dried in vacuo over P 2 0 5 at 100°. (Found: C, 23-0; 
H, 3-1; N, 13-1; Cu, 29-6. Cu(C 4 H 6 0 4 N 2 ) requires C, 22-9; H, 2-8; N, 134; 
Cu, 304 %.) 

The copper salt, which can be prepared equally well by boiling with freshly 
precipitated and well-washed cupric hydroxide, or by the addition of copper 
acetate without the previous addition of sodium hydroxide, is almost insoluble 
in cold water, but is moderately soluble in boiling water, from which it can 
be readily recrystallised. The blue colour of the salt is a little paler than that 
of crystalline copper sulphate and is easily distinguished from that of the 
corresponding /3-hydroxyasparagine and also of /-/?-asparagine. 

i-j8-para-j Hydroxy asparagine. The mother liquor from the isolation of the 
corresponding a-monoamide mentioned above was allowed to evaporate 
slowly in a desiccator over sulphuric acid. When the volume had been reduced 
to less than 5 cc. crystals appeared, and after several days the syrupy residue 
had set nearly solid. It was filtered at the pump and washed with a little cold 
water. The white crystalline mass (0*9 g.) was dissolved in 20 cc. of warm 
water and allowed to evaporate slowly in a desiccator. The first two crops of 
crystals consisted chiefly of hexagonal plates, and on repeated recrystallisa¬ 
tion from water there was finally obtained a fraction (04 g.) which appeared 
under the microscope to be uniform, consisting of simple and complicated 
rhombic plates and prisms, which are indistinguishable from the corresponding 
forms of /-^-asparagine. The /3-monoamide contains no water of crystallisation. 
(Found: C, 32*2; H, 5*5; N, 18-6; amide-N [Sachsse, 1873], 9*3. C 4 H 8 0 4 N 2 
requires C, 32*4; H, 5*4; N, 18*9; amide-N, 9*4 %.) The /8-monoamide dis¬ 
solves in about 55 parts of cold water and is freely soluble in boiling water. 
In the presence of each other the a- and /3-monoamides crystallise out readily 
in their respective forms, but in the presence of other substances their solubility, 
especially that of the /3-monoamide, is greatly increased, and crystallisation is 
slow. The /?-monoamide and /-/3-asparagine crystallise readily in the presence 
of each other in crystals that appear uniform and may be mixed. The u-mono- 
amide also crystallises readily in the presence of /-/8-asparagine, but the two 
crystalline forms are distinct, and a tendency to form mixed crystals was not 
observed. 

The copper salt is prepared in a similar way to that of the a-amide. It 
separates in small amorphous spheres, which, under high magnification, are 
seen to consist of star-shaped aggregates of stumpy needles. It contains one 
equivalent of copper, and 1 H 2 0 which is not completely removed in an oven 
at 105°. (Found: B^O, 4*8. Cu(C 4 H 7 0 4 N 2 ) 2 , H 2 0 requires H 2 0, 4*8 %.) For 
analysis the material was dried in vamo at 100° over P 2 0^. (Found: C, 26*8; 
H, 4*1; Cu, 17*8; N, 15*8. Cu(C 4 H 7 0 4 N 2 ) 2 requires C, 26*8; H, 3*9; Cu, 17*8; 
N, 15*1%.) ^ ^ . 

The synthesis of the amides of the i-an/z-hydroxyaspartic acid was similar 
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to that described for the para-acid above, consequently only points of difference 
in the two series and necessary analyses are recorded. 

i-anti -Hydroxyaspartic acid diethyl ester. This acid resembles glutamic acid 
in that a relatively large amount of alcohol is necessary to effect its initial 
solution. 6 g. of the finely pulverised acid were suspended in 60 cc. of absolute 
alcohol, and a rapid stream of dry hydrogen chloride was passed in until the 
alcohol boiled. The boilingwas continuedfor 1 houronthe water-bath, but much 
acid still remained undissolved. The mixture was therefore cooled, and the dry 
gas again passed until the alcohol boiled. The boiling w T as continued for another 
hour, when complete solution of the acid was obtained. The ester hydrochloride, 
though fairly soluble in alcohol, is very insoluble in cold alcohol containing 
hydrogen chloride. Yield of ester, a pale yellow oil, 4*7 g. or 60 % of theory. 
It was not distilled. (Found: C, 46*4; H, 7*5; N, 6*6. C 8 H 15 0 5 N requires 
C, 46*8; H, 7*3; N, 6*8%.) 

i-anti -Hydroxyaspartic acid diamide . 4*5 g. of the ester were treated with 
fluid ammonia. The yield of crude diamide was 3*2 g. This was purified by 
extracting twice with 150 cc. of boiling absolute alcohol. The material (2*5 g.) 
contained 28*2 % N, and was therefore practically pure anti- acid diamide. 
A small amount of this was dissolved in hot water. On standing overnight it 
crystallised in small cubes and irregular oblong prisms. (Found: C, 32*7; 
H, 6*2; N, 28*6. C 4 H 9 0 3 N 3 requires C, 32*6; H, 6*1; N, 28*6 %.) Heated in an 
open tube it commences to darken above 170°, shrinks at 176°, and melts with 
decomposition at 176*5° (corr.). It gave similar reactions to the para-diamide. 

i-a-anti- Hydroxyasparagine . 2*1 g. of the diamide were dissolved in 70 cc. 
of water containing 4 g, of crystalline baryta and treated as in the case of the 
para-diamide. Barium was removed, the filtrate concentrated to 20 cc. and 
on standing overnight 0*8 g. of crystalline material separated. Recrystallised 
once from warm water it was obtained in blunted needles and prisms, free from 
the /J-monoamide. It contains 1 H 2 0 which is not removed at 105°. (Found: 
H 2 0, 10*8 ; amino-N, 8*4. C 4 H 8 0 4 N 2 , H 2 0 requires H 2 0, 10*8; amino-N, 
8*4 %.) It dissolves in about 95 parts of cold water and is freely soluble in 
boiling water. The copper salt is prepared in a similar way to that of the para- 
amide, and has a similar appearance and solubilities. (Found: 0, 20*8; 
H, 3*6; Cu, 28*3; H 2 0, 8*0. Cu(C 4 H 6 0 4 N 2 ), H 2 0 requires 0, 21-0; H, 3*5; 
Cu, 28*0; H^O, 7*9 %.) 

i -fi-anti-Hydroxy asparagine . The mother liquor from the isolation of the 
a-monoamide described above was allowed to evaporate slowdy in a desiccator. 
Crystallisation was slow, but after some days 0*47 g. had separated and w as 
removed. Redissolved in 10 cc. of warm water it crystallised slowly in needles 
and stars of the a-monoamide and a few plates of the /8-monoamide. After a 
tedious fractionation there was finally obtained 0*1 g. of material which con¬ 
sisted entirely of the rhombic plates characteristic of the /3-monoamide. It 
contained no water of crystallisation. (Found: C, 32*8; II, 5*6; N, 18*0. 
C 4 H 8 0 4 N a requires C, 32*4; H, 5*4; N, 18*9 %.) It is readily soluble in hot water, 
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and has about the same solubility in oold water as the corresponding a-mono- 
amide. The copper salt separates in nodular aggregates like those of the 
para-) S-monoamide, containing one equivalent of copper and 1 H a O. (Found: 
H 2 0, 5-2. Cu^H^Nglg, H 2 0 requires H 2 0, 4*9 %.) For further analysis the 
material was dried in high vacuum over P 2 0 6 . (Found: C, 27*0; H, 4*2; Cu, 18*0. 
Cu(C 4 H 7 0 4 N 2 ) 2 requires C, 26*8; H, 3*9; Cu, 17*8 %.) 

Dissociation constants. 

Complete hydrogen electrode titrations of aspartic acid, hydroxyaspartie 
acid, i-j8-asparagine, i-^S-pam-hydroxyasparagine and i-a-aw^’-hydroxyaspara- 
gine have been carried out. From the data the “ titration constants ” of each 
substance have been calculated. These values must be close approximations 
to the dissociation constants uncorrected for activity (p K ,) and will be assumed 
to be identical with them. The mean values are assembled in Table I. Following 
Bronsted [1923], all constants have been formulated as hydrion dissociation 
constants. Consequently, the subscript numeral indicates only the order in 
which the several constants of a substance appear on the p u scale. If we adopt 
the zwitterion hypothesis of Bjerrum [1923], assignment of the various con¬ 
stants may be made as follows: 

Pk x '> ^e first carboxyl of the dibasic acids and the carboxyl of the amides; 
p^,, the second carboxyl of the dibasic acids and the amino-group of the 
amides; 

the amino-group of the dibasic acids. 

A number of determinations of the dissociation constants of aspartic acid 
have appeared in the literature. Some of these, recalculated to conform to the 
above treatment, are included in the table. Agreement is fair. We have found 
only one previous determination for /J-asparagine. The method employed was 
that of measurement of the rates of ester hydrolysis. The values so obtained 
agree well with our results by the more precise electrometric method. The 
constants of the remaining substances have been determined for the first time. 
The assembled results form an interesting contribution to the problem of the 
effect of substitution upon ionisation. They do not, however, cover a sufficient 
* number of cases to make profitable a detailed analysis from this point of view. 
Moreover, simple effects of substitution are undoubtedly complicated, in sub¬ 
stances such as these, by powerful electrostatic forces between ionising groups. 
It is clear, however, that both the introduction of hydroxyl and the substitu¬ 
tion of the hydroxyl group in carboxyl by amide increases the hydrion dissocia¬ 
tion of both carboxyl and amino-groups. The magnitude of these effects is 
redticed to about one-third as the substituent is removed from the a- to the 
^-position. It is interesting to compare the influence of a-amide formation 
with that of peptide formation. Comparison with the constants of a typical 
amino-acid and its dipeptide indicates that these effects upon the amino-group 
are similar in sign and in magnitude. 
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Table I. 



COOH 

COOH 

NHj 

Mol. 

cone. 

Temp. 

°C. 

Author 

Aspartic acid 

PKx' 

1*90 

PK t ' 

l>Kt 

9*47 


25 

Levone and Simms 11925J 

2-08 

3-94 

9-85 

— 

— 

Hopfield et al. [1920J 


2*08 

3*66 

9-85 

— 

— 

Harris [1924] 


205 

3*76 

9*85 

002 

25 

Chibnall and Cannan 

Hydroxyaspartic acid 

1*95 

3*47 

9*03 

002 

25 

Chibnall and Cannan 

g-Asparagine 

PKi' 

218 


PkY 

8-87 



Lunden [1906] 

202 

— . 

8*80 

0*02 

25 

Chibnall and Cannan 

jS-Hydroxy asparagine 

2-12 

— 

826 

0*01 

25 

Chibnall and Cannan 

a-Hydroxyasparagine 

2-31 

— 

717 

0*01 

25 

Chibnall and Cannan 

Glycine 

2*42 

— 

9*74 

— 

251 

Quoted by Kirk and 

Glycylglycine 

315 

— 

8*10 

— 

25 f 

Schmidt [1929] 


Experimental. 

The technique of titration followed that of Cannan and Knight [1927]. 
The temperature was accurately maintained at 25°. The reference electrode 
was a saturated calomel half-cell in electrical contact with the hydrogen 
electrode vessel through a saturated potassium chloride bridge. The standard 
of reference was ()• 1 M hydrochloric acid which was assumed to have a hydrogen 
electrode potential of 0*0643 v. at 25°. The potentials of the liquid junctions, 
which were established in a reproducible fashion, were ignored. A pair of 
palladinised gold-plated platinum wires served as hydrogen electrodes. In no 
observation did they differ from one another by more than 0*2 mv. The calcu¬ 
lation of “titration constants'’ followed the method of Simms [1926]. 
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This investigation not only aimed at ascertaining whether cryptorchidism and 
castration produce any change in the chemical composition of the tissues of 
the rat, but was also a trial of a simple method of obtaining approximate, but 
accurate, information about the general chemical composition of the bodies 
of such small animals as mice, rats or guinea-pigs. It was mainly desired, in 
this method, to avoid a long and difficult treatment of the whole body of the 
animal for analysis. In the present paper only the amount of water, solids, 
nitrogen and fat in the tissues of the rats was investigated. 

Historical. 

Reference has been made in previous papers [Korenchevsky, 1914, 1925, 
1928, 1930; Korenchevsky and Carr, 1925; Korenchevsky and Schultess- 
Young, 1928] to the whole literature on castration and cryptorchidism. It is 
perplexingly contradictory. The fact which is most definitely established is 
that in most castrated animals and human beings an increase in the body-fat 
is observed when the testes are removed or are atrophied. Korenchevsky’s 
[1930] experiments on rats confirmed this quite definitely, as well as showing 
that most cryptorchid animals also become obese, although to a lesser degree 
than the castrates. 

As far as we know there is only one investigation on this subject, 
by Liithje [1902, 1903], who studied the chemical composition of whole 
castrated animals, namely, of two castrated dogs as compared with that of 
their normal litter mates. Luthje’s technique was perfect, but unfortunately 
the numbed of animals used in the experiments, owing to the difficulty of 
technique, was insufficient for any conclusions. Nevertheless, we refer to these 
experiments at length, since, considered in connection with our experiments, 
Lhthje’s results will assist in the drawing of our conclusions. The following 
interpretation of Luthje’s results is ours and was not suggested by him. 
Liithje’s figures have been recalculated by us as percentages of the final body- 
weight of the animals and as fat-free body-weight; and are shown in Table L 
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Table I. Percentage content of solids , fat and nitrogen in two castrated 
dogs as compared with that of normal litter mates. 



Final weight 

Solids 

Fat 

Nitrogen 

Nitrogen 
per 1(M) g. 
fat-free 


of dog in g. 

o/ 

/o 

o/ 

/o 

O ' 

/o 

body-weight 

Normal $ 

17,650 

46-5 

9-2 

301 

3 31 

Castrated d 

16,600 

47-5 

8-6 

3-14 

3-44 

Normal § 

11,400 

45-3 

915 

2-93 

3 22 

Castrated 

12,620 

48-1 

12*8 

2-81 

3-23 


As was stated in our experiments on dogs [Korenchevsky, 1925], only some 
of these animals became obese after castration. Similarly in LiitbjVs experi¬ 
ments one dog (male) became a “thin” castrate after castration, whilst the 
bitch was a typical “fat” castrate. Consequently, the results of chemical 
investigation were different, the general nitrogen content being slightly greater 
(by 4*3 %) in the “thin” castrate, whilst in the castrated bitch it was slightly 
less (by 4*1 %), than in the respective control animals. This decrease of nitrogen 
content in the obese bitch was not evident when the nitrogen content was re¬ 
calculated per 100 g. of fat-free body-weight. This decrease of nitrogen in the 
“fat” castrate is therefore only apparent and due to the increased proportion 
of fat in the body and not to an impoverishment in protein substances of the 
castrated organism. There was, moreover, a slight increase in the nitrogen of 
the “thin” castrated male dog. It was shown in a previous paper [Koren- 
chevsky, 1925] that, after castration, the deposition of nitrogen in the body 
of most castrated animals increases. This increase, indicated by metabolism 
experiments, agrees well with an increased nitrogen content of the body of the 
“thin” castrate found in Liithje’s experiment (Table I). An increase in the 
solids in the bodies of both castrated dogs (see Table I) can be explained by 
the deposition either of fat, or of nitrogen, or of both. 

Present experiments. 

The experiments were performed on 46 rats, belonging to 9 litters (see 
Table II). Each litter was divided into a group of control rats and groups of 
cryptorchid and castrated rats. The cryptorchids of some litters were divided 
into one-sided cryptorchids, in which only one testicle was made cryptorchid, 
and into both-sided cryptorchids in which both testicles were made cryptorchid. 
Altogether 18 control rats, 5 one-sided cryptorchids, 16 both-sided cryptorchids 
and 7 castrates were used. All these rats have been described elsewhere 
[Korenchevsky, 1930] and all the details of the general technique employed are 
there given, as well as a description of the influence of cryptorchidism and 
castration on growth, fat deposition, sexual and endocrine organs. In the present 
investigation, it was decided to use the hind legs for analysis, since they are 
suitable as a general indication of the chemical composition of the principal 
tissues of the body, namely, skin (with fur), muscles and skeleton. Two 
controlling chemical analyses are obtainable, so that the results obtained on one 



Table II. The percentage content of nitrogen in each dry hind leg of each rat . 

Cryptorchida: Cryptorchids: 

Normals one-sided both-sided Castrates 

.A. __A. ..... A _ . .A. 

No. of No. of 

*> 

Nitrogen 

No. of 

-> 

Nitrogen 

No. of 

- 

Nitrogen 

No. of 

Nitrogen 

litter rat 

content 

rat 

content 

rat 

content 

rat 

content 

5 829 

10-21 

835 

9-88 

831 

9-58 

834 

8-92 


10-25 


10-48 


9-63 


8*88 

830 

9-90 



832 

10*24 




9-89 




10*14 



Average 

10-06 


10-18 


9-90 


8-90 

6 836 

9-80 

838 

9-32 

839 

9-28 




9-75 


8-84 


8-96 



837 

9-61 



840 

— 




9-58 







841 

9-83 








9-69 







Average 

9-71 


9-08 


912 



7 842 

— 

843 

10-01 

844 

9-50 






10-26 


9-53 



845 

10-09 



846 

10-17 




10-11 




10*04 



Average 

1010 


1014 


981 



8 863 

9-60 

865 

9-45 

866 

9*07 

868 

9-20 


9-65 


9-73 


8-91 


9-30 

864 

10-01 








9-86 





867 

8-77 








8-39 

Average 

9-78 


969 


8*99 


892 

9 869 

904 

872 

9-99 

871 

9*55 

873 

8-94 


9-22 


9-65 


9*47 


8-82 

870 

9-57 





874 

9-42 


9-74 






9-62 

Average 

9-39 


982 


961 


920 

!> 

GO 

<N 

9-78 



849 

9*35 

851 

9-12 


9-75 




9*29 


8-94 

848 

9-49 





852 

9-59 


9-43 






9-63 

Average 

9-61 




932 


932 

23 856 

9-85 



854 

10-10 




9*87 




9-87 







855 

9-84 








9-91 







857 

9-73 








9-70 



v Average 

9-86 




9-86 



24 858 

— 



861 

9-73 








9*75 



859 

11-23 



862 

9-62 




10-54 




9*87 



Average 

10*89 




9*74 



25 875 

9-68 



880 

9-28 




9-53 







877 

10*04 



881 

10-13 




10-11 




10-18 



Average 

0-84 




9-86 



Average of averages 

992 


9-76 


9-57 


0.09 

of litters 
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leg can be used to check the results obtained with the other. It was decided 
to investigate the amount of water, solids and nitrogen in the legs, but it is 
obvious that any other necessary chemical analyses could also be made. For the 
approximate estimation of the deposition of fat in the body, a still simpler method, 
which was used by us in the previous paper [Ivorenchevsky, 1930], was chosen. 
In this method, the weight of the retroperineal and testicular fat, which can bo 
quickly and easily separated from the body by means of a scalpel, was taken 
for the comparative estimation of the degree of deposition of fat in the animal. 
The comparative changes in fat deposition in different animals can be checked 
in each animal by the separate weighing of the testicular and retroperineal 
fats. Elsewhere [Korenchevsky, 1930], only the total amount of intra¬ 
abdominal fat (i.e. the retroperineal plus testicular) is given. Therefore in the 
present paper we give, in Table III, the weights of retroperineal fat and of 

Table III. Average weight of retroperineal and testicular fat in groups 
of normal , cryptorchid and castrated rats. 

Normal rats One-sided crypfcorehids Both-sided cryptorchids 


No. 

Retro¬ 

Testi¬ 

f --V 

Retro¬ 

Testi¬ 

/ - 

Retro¬ 

Testi¬ 

Castrates. 

Retro¬ 

of 

perineal 

cular 

perineal 

cular 

perineal 

cular 

perineal 

litter 

fat 

fat 

fat 

fat 

fat 

fat 

fat 

5 

6-27 

5*70 

8-60 

8-24 

413 

6-68 

12*91 

6 

G-41 

6*97 

8-59 

9-77 

1002 

7-98 

— 

7 

6-96 

6*54 

6-81 

8-49 

5-22 

9*21 

— 

8 

6-47 

8-40 

8-28 

9-97 

8-07 

7-95 

11-41 

9 

8-68 

7-18 

6-02 

6-78 

8-89 

9-91 

9-30 

22 

6-97 

5-98 

— 

— 

815 

9-96 

9-67 

23 

5-27 

5 79 

— 

— 

7-35 

4-98 

— 

24 

4-32 

5*35 

— 

— 

7-74 

8-48 

— 

25 

5-77 

4-94 

— 

— 

6-6G 

8-95 

— 

Average 

0-35 

6-32 

7-66 

8-65 

7-3(5 

8-23 

10-84 


testicular fat separately, so that both data can be compared. The weight of 
fat is calculated in the table as g. per 200 g. body-weight of the rat. The 
separation of the legs from the body was performed in the following way: the 
hind leg w r as bent at the fibula-tibia-femoral junction by the left hand of the 
investigator and the blades of the scissors placed round and just a little above 
this junction, in such a manner that the lower blade of the scissors was placed 
in the angle made by bending the leg at the junction; then the leg was cut 
off, without producing tension of the skin and muscles and the cut made neat 
with the scissors. It was possible, without any special training, to sever the 
legs so accurately, that the dry weight of the right leg of the animal differed 
from that of the left leg of the same animal, on the average, by only ±2*6 % 
(minimum db 0*2, maximum dr 9-1 %). The legs were placed in weighing 
bottles and weighed, first fresh and then after desiccation at about 103°. 
The nitrogen was estimated by the Kjeldahl method in each leg separately. 
In order to save space only one table, No. II, is given in detail. In all the other 
tables the changes obtained in groups of litters, and not those in individual 
rats, are given. * 
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Fat deposition. 

From a comparison of the weights of retroperineal and testicular fat in 
Table III, it is possible to say that in five of the groups of cryptorchid rats, of 
litters nos. 5, 7, 8 and 23, there is a lack of agreement in the changes obtained 
between testicular and retroperineal fats, namely that, whilst the testicular 
fat, as compared with that of the normal control rats, was increased, the retro¬ 
perineal fat was decreased or showed no change, or vice versa . This indicates 
that, whilst it is only in the majority of cases that the increase, or decrease, in 
fat deposition is evenly distributed between the retroperineal and testicular 
regions, in some rats fat is deposited in one or other of these regions pre¬ 
ferentially. It is therefore necessary, in animals with normal testes, to use the 
sum of the weights of the testicular and retroperineal fats to obtain an indica¬ 
tion of the deposition of fat in the body. However, when a sufficiently large 
number of animals is used for the conclusions, the average figures give similar 
results in both cases. A comparison of the average figures of Table III shows 
that, on the average, the weights of both the retroperineal and testicular fats 
were increased in cryptorchid animals, as compared with those of normal con¬ 
trol animals. The amount of fat in castrated animals was also increased and 
in all cases to a greater degree than in cryptorchid animals. For further 
conclusions based on the total intra-abdominal fat and on a larger number of 
animals we refer to the previous paper [Korenchevsky, 1930]. 

Nitkogen content. 

In Table II is given the percentage content of nitrogen in each dry hind 
leg of each rat. The average for each group of each litter and a general average 
for all the rats of the group are also given. It can be seen, by comparing the 
nitrogen content of the two legs of the same rat, that in the 42 animals in¬ 
vestigated, the fluctuations, from the average for the two legs of the same rat, 
was about or less than ± 0*5 % in 21 rats, from ± 0*5 to ± 1 % in 10 rats, 
from ± 1*1 % to ± 1 *75 % in 7 rats and db 2 to ± 3*2 % in 4 rats. 

These results indicate that the method employed was quite satisfactory, 
giving data sufficiently accurate for the comparison of the different animals, 
with a probable error not greater than 1*8 % in most cases and in no case 
investigated more than 3*2 %. 

On a general average, it was found that the legs of one-sided cryptorchids 
^contained 1*6 %, of both-sided cryptorchids 3*5 % and of castrates 8*4 % less 
nitrogen than the legs of their normal controls. Consequently it is necessary 
to note that the castrated rats were more obese than the cryptorchids and 
both of them were more obese than the normal rats. We consider therefore 
that we are justified in explaining this small decrease in the nitrogen content 
in the same way as we did for Liithje’s dogs (p. 955); that it is unlikely that 
it can indicate a ^decrease in the amount of nitrogenous substances in the bodies 
of cryptorchid ahd castrated rats; that the decrease is apparent and is due to 
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the increased proportion of fat in the cryptorchid and castrated animals. This 
is in agreement with the cases where the nitrogen content was even slightly 
increased, as was the case in the one-sided cryptorchids of groups 5, 7 and 9 
and in the both-sided cryptorchids of group 9. In all these groups the amount 
of solids (Table IV) was less, in spite of the increased amount of fat in most of 
the groups. Therefore an even higher nitrogen content is suggested in these 
cases. 

Table IV. The average 'percentage content of solids and water in groups of 
normal , cryptorchid and castrated rats. 

No. of 
litter 

5 

6 

7 

8 

9 

22 

23 

24 

25 

Average 390 61 0 390 61*0 40*2 59*8 40*7 59*4 

Solids and water content. 

From Table IV it is clear that the solids content of the legs was slightly 
higher, and the water content slightly less, in both-sided cryptorchids and in 
castrates, than in the normal control rats. On the average, there was no change 
in one-sided cryptorchids. 

Although this increase in the content of solids was only small (by 3*1 % 
in cryptorchids and *4-4 % in castrates) nevertheless its occurrence in nearly 
all the groups investigated indicates that it is not of an accidental character. 
The increased deposition of fat is probably only partly responsible for this 
increase, since in one-sided cryptorchids the degree of obesity was about the 
same as in both-sided cryptorchids, but the increase in solids w^as absent in 
the former group. 

Taking into consideration the increased deposition of nitrogen in most 
castrated animals [Korenchevsky, 1925], we suggest the same explanation 
as we have given for Liithje’s results, namely, that in castrated and both- 
sided cryptorchid animals an increase in the content of solids is to be explained 
by an increased deposition of fat and probably also of nitrogenous substances 
in the body. 

Summary. 

1. A method was used for the investigation of the chemical composition 
of small animals, which gives approximate but accurate data. 

2. This method was applied for ascertaining the content of water, solids, 
nitrogen and fat in castrated and one-sided and both-sided cryptorchid male 


One-sided 

Normal rats cryptorchids 




Solids 

Water 

Solids 

Water 

38*1 

620 

37*4 

62*6 

39*1 

60*9 

40*2 

59*8 

38*9 

61*1 

37*7 

62*3 

39*4 

60*6 

39*7 

60*3 

40*6 

59*5 

39*8 

60*2 

39*6 

60*5 

— 

— 

39*1 

60*9 

— 

— 

37*1 

63*0 

— 

— 

39*2 

60*8 

_ 

_ 


Both-sided 

cryptorchids Castrates 


Solids 

Water 

Solids 

Water 

38*9 

6M 

40*8 

59*2 

41*4 

58*7 

— 

— 

39*6 

60*4 

— 

— 

41*7 

58*3 

41*8 

58*2 

40*0 

60*0 

40*2 

59*8 

40*4 

59*6 

39*8 

60*2 

39*7 

60*3 

— 

— 

40*1 

59*9 

— 

— 

40*1 

59*9 

_ 

_ 
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rats, as compared with that of normal litter mate animals. Altogether 46 rats 
were investigated. 

3. The amount of intra-abdominal fat was increased in both cryptorchid 
and castrated animals, but to a greater degree in the latter. 

4. The nitrogen content was slightly decreased in both-sided cryptorchid 
and in castrated rats. 

5. This decrease, however, is chiefly due to the increased proportion of 
fat in the bodies of cryptorchid and castrated rats, and therefore is not due to 
the impoverishment of the bodies of these animals in nitrogenous substances. 

6. A slight increase in the content of solid matter was found in both-sided 
cryptorchid and in castrated rats. This increase can be explained by an 
increase in the deposition of fat and probably also of nitrogenous substances. 

A grant from the Medical Research Council and the hospitality of the 
Lister Institute have enabled us to carry out this work and to them our thanks 
are due. We also wish to express our sincere gratitude to Sir Charles Martin 
for his continuous support and criticism of this work. 
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CVII. AN IMPROVED DESIGN OF THE VAN 
SLYKE APPARATUS FOR THE ESTIMATION 
OF AMINO-NITROGEN. 

By SYDNEY JOHN FOLLEY. 

From the Department of Physiology , The University of Manchester . 

(Received June 28th , 1930.) 

An extended use of the apparatus described by Van Slyke [ 1912 , 1914 , 1915 ] 
for the quantitative determination of amino-nitrogen has revealed several 
drawbacks. 

There are three points in the glass system at which pieces of thick-walled 
glass capillary tubing are joined by rubber tubing. The undesirability of rubber 
connections in systems in which gas volumes are measured needs no emphasis. 
In the case of the Van Slyke apparatus the abolition of the rubber connections 
is the more desirable in that shaking of the deaminising chamber and Ilempel 
pipette subjects the rubber to periodic stretchings which must diminish its 
impermeability to gases. Where deamination takes 1 hour, as it does in the 
case of lysine, histidine, etc. [Plimmer, 1924], this disadvantage may be 
serious. It was found necessary always to apply glycerol to the surfaces of 
contact of glass and rubber and tightly to wire the rubber to the glass. 

If thick-walled rubber tubing is used in order to lessen the danger of loss 
of gas at the joints, shaking subjects the thick-walled glass capillary tubing 
to strain, on account of the elasticity of the rubber. In use, breaks were 
frequently found to occur. 

These considerations prompted the design of a new form of the apparatus 
in which the disadvantages referred to were eliminated. 

The gas system is made in one piece and mounted without strains on a 
stout, upright board, having apertures cut in it where necessary. Fig. 1 shows 
a front view of the apparatus. A represents an end elevation of the de¬ 
aminising bulb which is of the original Van Slyke design. The deaminising 
bulb is clipped to a wooden block, which is screwed to the board and is not 
indicated in the figure. The thick-walled capillary tubing as well as the two-way 
tap B are of larger size than usual in order to impart greater strength to tho 
apparatus. 

The gas burette is of 10 cc. capacity, graduated in its upper part in 0*01 cc., 
the bore being as large as conveniently possible. The bulb at its lower end holds 
40 cc. A bulb of this size was found necessary when hexone bases were analysed, 
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since at the end of the horn necessary for deamination considerably more than 
20 cc. of gases have been evolved. 


n 



Fig. 1. 


The levelling manometer C provides greater ease and accuracy in adjusting 
gas volumes to atmospheric pressure. It is bent over at right angles at the top 
and fitted with a tap D, shown in Fig. 2, so that the manometer can be closed 
when the manipulations necessitate it. Its diameter should be large enough 
for the capillary rise of water to be negligible. 

The absorption pipette has been slightly modified from the original, the 
spherical bulb being of 100 cc. capacity, while the cylindrical vessel holds 60 cc. 

A thermometer E and waste pipe F are also fastened to the board, the 
latter communicating by rubber connections with the three outlets of the 
deaminieing bulb. % 

The upright board is fastened by strong hinges at the bottom to a base¬ 
board and can be oscillated about the hinges by means of a crank attached 
to the board by the brass coupling 0. The crank is actuated by the wheel H 
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driven by an electric motor J, a considerable variation in the speed of shaking 
being afforded by a suitable rheostat. The whole apparatus is firmly screwed 
to the bench. 



The levelling reservoir is placed in a cradle which can be slowly raised or 
lowered by means of an endless screw. 

With this apparatus it was found possible to estimate amino-nitrogen to 
0*01 mg. A standard solution of twice crystallised copper aminoacetate was 
prepared and the quantity of amino-nitrogen in 2 cc. determined, the solution 
being run in from a calibrated pipette and washed in with 2 cc. water. 


Barometer 


cc. nitrogen 

mg. amino- 

mm. mercury 

Temp. 

evolved 

nitrogen 

765 

18-8° 

1-98 

1*14(1) 

765 

190 

1-99 

1-14(6) 

767 

200 

1-96 

1-12(7) 

767 

210 

200 

1-14(4) 


Theoretical value 1-13 mg. 

In 1915, Van Slyke described a modification of his original apparatus in 
which, it was claimed, volumes of nitrogen could be measured to 0*001 cc. by 
means of a burette graduated in 0-01 cc. with the graduations about 1 mm. 
apart. 

It seems doubtful whether this degree of accuracy can generally be at¬ 
tained without special precautions to ensure the constancy of the temperature 
of the gas burette and also to ensure that there is no temperature lag between 
the latter and the thermometer. A temperature variation of 0-5° will make an 
appreciable difference in the third decimal place of milligrams of nitrogen. 

Further, it seems inadvisable to use a gas burette of so narrow a bore as 
that specified by Van Slyke, since in such a tube the capillary rise of water 
will be appreciable. Hence the gaseous volumes will be read under a slightly 
different pressure from that recorded by the barometer. 

Biochem. 1930 xxiv 
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During the manipulations it is almost impossible to avoid contamination 
of the water in the upper part of the burette with acetic acid, sodium nitrite, 
potassium permanganate and sodium hydroxide, and it is certain that such 
capillary active substances will appreciably affect the surface tension of the 
liquid over which the gas is measured and hence change the capillary rise. The 
pressure of water vapour in the burette will also be changed by the presence 
of these impurities. 

Though the magnitude of these effects is not accurately known, considera¬ 
tion of them makes it evident that, until they have been shown to be negligible, 
volumes of nitrogen under these conditions can only be given with certainty 
to 0-01 cc. 

I should like to acknowledge the facilities afforded by the Physiology 
Department of the University of Manchester and to express my thanks to 
Prof. H. S. Raper and Mr A. D. Ritchie for kind advice. 
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CVIII. A SENSITIVE REACTION FOR CYSTEINE. 

By ROBERT FLEMING. 

From the Physiological Laboratory, University of Geneva . 

(Received June 25th, 1930.) 

Sullivan [1926] found that cystine reduced with sodium cyanide and sodium 
sulphite gives a colour with sodium /2-naphthoquinone-4-sulphonate. This 
substance is used by Folin [1922] for the estimation of amino-acids and so 
would appear not to be specific for cysteine. According to Hunter and Eagles 
[1927], however, the colour given by other amino-acids is not the same as that 
given by cysteine. The importance of cysteine in biological chemistry and the 
labour involved in the preparation of the naphthoquinone reagent led us to 
investigate the possibility of finding a more simple and specific test. We found 
that cysteine hydrochloride reacts readily with dimethyl-p-plienylenediamine 
hydrochloride when heated in presence of a small quantity of FeCl 3 giving a 
deep blue colour. The colour is stable. It resembles that of methylene blue but 
does not match it exactly. Like the latter it can be precipitated in presence 
of ZnCl 2 and NaCl at high concentrations. The cysteine employed by us was 
supplied by the British Drug Houses. We also used other samples prepared 
from a sample of Merck’s cystine by reduction with zinc in hydrochloric acid 
solution. The solution of cysteine hydrochloride was made by dissolving 0*04 g. 
in 100 cc. of water, and the solution of dimethyl-y>phenylenediamine hydro¬ 
chloride by dissolving 0*2 g. in 100 cc. of water. It is preferable though not 
absolutely necessary to use a freshly prepared solution of the latter, as on 
standing for some time it develops a purple colour. If, however, the purple 
colour is not too pronounced the addition of the cysteine solution usually 
renders it colourless again. The concentration of the FeCl 3 solution was 5 %. 
In testing for very small quantities of cysteine, however, it is preferable to 
use a more dilute solution of FeCl 3 . The most suitable proportions in which 
the reagents should be mixed are as follows: to 05 cc. of the p-phenylene- 
diamine reagent should be added 1 cc. of the cysteine solution followed by 
one drop of the FeCl 3 solution. On heating the mixture almost to boiling 
point and allowing it to stand the deep blue colour is produced. The 
mixture of cysteine and y-phenylenediamine reagent may first be heated 
together and the drop of FeCl 3 then added to the hot solution when the blue 
colour develops as before. The test is sensitive with 0-05 mg. of cysteine 
hydrochloride. 


61—2 
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Under similar conditions soluble sulphides do not give methylene blue but 
require a much more acid medium. The methylene blue reaction for sulphides 
is given in the cold. 

Cystine under the conditions above mentioned gives no colour with these 
reagents but of course reacts on reduction. Thiolactic and thioglycollic acids 
do not react with these reagents. Using yeast extracts as a source of gluta¬ 
thione we found that neither oxidised nor reduced glutathione reacted with our 
reagents. On hydrolysis, extracts of fresh yeast give a positive reaction in¬ 
dicating the presence of cysteine in the decomposition products of glutathione. 
We hope soon to be able to publish a method, based on this reaction, for the 
estimation of cysteine and glutathione in tissue extracts. 
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CIX. VITAMIN C AND THE RAT’S DIET. 

By GLADYS ANNIE HARTWELL. 

From the Physiological Department, King's College of Household and 
Social Science , Campden Hill Road , London , IF. 8 . 

(Received June 26th, 1930.) 

The role of the antiscorbutic vitamin in the rat's diet is a question upon which 
there appear to be different views. On the whole nutrition workers in America 
omit orange and lemon juice from s) r nthetic diets, while in England it is 
usual to add small quantities. Simmonds [1924] states that “the rat is ap¬ 
parently immune to scurvy and does not require this vitamin in its diet,” and 
Mendel [1923], in discussing the essential factors of a diet, says that the rat 
does not seem to suffer from a lack of antiscorbutic foods. Parsons [1920] 
found that the livers of rats fed for long periods on a typical scorbutic diet 
were rich in the antiscorbutic substance and suggests that the rat needs this 
factor for its normal metabolism, but is capable of synthesising it. Many 
American workers do not even mention vitamin C in discussing the composition 
of their rats’ diets, but tacitly assume that this food factor is not needed by 
the animal. For instance, Anderson and Mendel [1928] supplement their 
experimental diets by daily doses of yeast and cod-liver oil to provide “an 
adequate intake of the indispensable vitamins.” Sure [1924,1925] uses cod-liver 
oil and Harris uses yeast-vitamin powder, but no orange or lemon juice either 
with his skimmed milk or pure synthetic diets, and Elmslie and Steenbock [1929] 
give yeast as a source of the vitamin B complex and cod-livej oil to supply 
vitamins A and 1), but no vitamin C. Kennedy and Palmer [1922] also use 
no vitamin C in their basal diet and express the view that very few workers 
regard vitamin C as a necessary constituent in the diet of growing rats. Evans 
and Bishop [1923] used no source of vitamin C in their synthetic diet, but in 
trying to cure sterility they gave orange juice to some rats and fresh green 
lettuce to others; they found the latter to be a most efficient cure, but ap¬ 
parently noted no effects due to addition of the orange j uice. On the other hand. 
Harden and Zilva [1918] consider that rats grow" better when the antiscorbutic 
factor is present in the diet, and their growth curves exhibit an appreciable 
improvement. Drummond [1919] agrees with the w~ork of Harden and Zilva 
and states that “the rat requires the antiscorbutic factor in order to achieve 
a normal development.” Kennedy [1926] says that although the rat appears 
to thrive without vitamin C he added concentrated orange juice in case it 
might be essential for reproduction. The experiments of Bacharach [1925] 
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showed that no disadvantage attended the omission of lemon juice from the 
rat’s diet during the experimental period involved in testing for vitamin B, 
and other workers [Coward, Key, Morgan and Cambden, 1929; Drummond 
and Marrian, 1926; Reader, 1929; Willimot, 1926] now omit lemon juice from 
a vitamin B-free diet. Coward [1929, 1930] and Coward, Key and Morgan 
[1929] also omit vitamin C from their vitamin A-free diet. 

The amount of orange or lemon juice added to synthetic diets varies a 
little, but as a rule 5-6 cc. per 90-100 g. dry solid is given by nutrition workers 
in England [Boas, 1926; Chick, 1926; Chick and Roscoe, 1926; Luce and 
MacLean, 1925; Reader and Drummond, 1926], 

The diets used by Harden and Zilva [1918] contained much larger amounts 
of lemon juice, i.e. 40 instead of 5 cc. Since the growth of rats fed on synthetic 
diets is far below that obtained on a good mixed diet of kitchen scraps, it is 
worth while to try any factor which might produce an improvement. Therefore 
experiments were made in which rats were given large amounts of lemon juice 
in the synthetic diet to see if it would be an advantage to incorporate more 
than the usual 5 cc. of orange or lemon juice in the basal diet. 


Experimental. 


(a) Animals and method . 

Piebald rats bred in the laboratory were used in this work. Twelve animals, 
6 $ and 6 <J (except in the trial experiment with lemon juice, where owing to 
a shortage of rats only 5 ? and 4 were available) were used for each experi¬ 
ment and were kept in a large metal cage with a screen, so that they had no 
access to excreta. The pregnant does were removed to smaller wooden cages 
a few days before the birth of a litter. The rats were weighed daily for the first 
4 weeks, after which the weighing was omitted on Saturdays and Sundays. 
After the birth of the first litter, when the rate of growth is slower, the males 
were weighed only once a week, though the mother and her young were 
weighed daily. 

(b) Diets . . 


Two basal diets were used, one containing caseinogen and the other 
edestin, as it was thought advisable to use two different proteins in case one 
produced greater growth than the other, as a result of which the effect of 
vitamin C might be more marked. The composition of the basal diets was as 
follows: 


Diet AF 

Caseinogen 20 g. 
Potato starch 56 g. 
Mineral salts 8 g. 
Butter 16 g* 
Marmite 15 g. 


Diet AF Ed 

Edestin 20 g. 

Potato starch 56 g. 

Mineral salts 8 g, [Hartwell, 1922]. 
Butter 16 g, 

Marmite 15 g. 
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The diet was prepared by the “cooked’’ method described in a previous 
paper [Hartwell, 1925], Lemon juice strained through muslin and the green 
leaves of cabbage finely minced were used as sources of vitamin C, and both 
were well beaten into the diet when it had cooled. Food and distilled water 
were given ad lib., but special feeding dishes were used in order to prevent 
scattering of the food and thus to obtain an approximate intake per cage. 

( c) Experiments. 

1. Diet AF. This experiment was made in duplicate in order to see what 
differences in growth might occur with the same diet. 

2. Diet AF + lemon juice. The proportion of lemon juice added was 40 cc. 
to every 84 g. of dry diet ( i.e . caseinogen, starch and mineral salts). A trial 
experiment was made using 5 $ and 4 q to see if the animals could tolerate 
this amount of lemon juice, or if such a diet would be too acid and therefore 
cause intestinal disturbances. The young rats developed diarrhoea after 3-4 
days on the diet, but after 10 days the faeces were quite normal. Temporary 
digestive disturbances often occur when weanling rats are put on synthetic 
diets, but usually the young animals appear to be able to adjust themselves 
to their new diet in a week or 10 days. In a second experiment 6 ? and 6 rj 
were used, and the experiment was continued for 15 weeks. 

3. Diet AF -f cabbage. 72 g. minced green cabbage leaves were added to 
the basal diet instead of 40 cc. of lemon juice. For the first 2 weeks minced 
lettuce was given, but this proved so expensive that green cabbage was used 
instead. 

4. Diet AF Ed. This diet was similar to diet AF, but pure edestin 1 was 
used instead of caseinogen. 

5. Diet AF Ed 4- lemon juice. 40 cc. lemon juice (strained) were added to 
84 g. of the dry diet as in the experiment AF -f lemon juice. 

Results and discussion. 

(1) Growth. In all experiments the rats grew well, though the rate of 
growth was not equal to that of the control animals fed on a mixed diet of 
kitchen scraps -f* bread and milk. The addition of lemon juice appeared to 
have no appreciable effect on the rate of growth. Fig. 1 shows the average 
growth curves of the males and of the females up to the time they became 
pregnant. The curves show that there is no greater difference in weight between 
the rats receiving lemon juice and those getting no vitamin C than there is 
between the two curves obtained at different times on diet AF alone. In the 
trial experiment with lemon juice the growth is just better than when no 
lemon juice was included in the diet. The growth curves when cabbage was 
used as a source of vitamin C show similar results. When edestin was given 

1 I am indebted to Messrs E. T. Pearson & Co., Ltd., for the pure edestin used in these experi¬ 
ments. 
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Fig. 1. Growth curves of male and female (shorter owing to pregnancy) rats. Each curve 
is the average for six rats, except diet AF 4- lemon juice, Exp. 1. 

1. --* J>iet AF. Exp. h 5. o - O Diet AF 4* cabbage, 

..Diet AF. Exp, 2. 6. □-□ Diet AF Ed, 

. A. - A Diet AF + lemon^juice. Exp. 1 . 7. ▲- ▲ Diet AF Ed 4-lemon juice, 

. A - • - A Diet AF 4* lemon juice. Exp. 2. 
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instead of caseinogen the rate of growth appeared to be just better when lemon 
juice was added, but this improvement is very slight, the actual difference 
in weight being no greater than that obtained in the two separate experiments 
on diet AF. 

(2) General condition . Although the animals grew well, their general con¬ 
dition was not up to standard. None of them was quite so firm to feel as the 
stock animals and practically every rat exhibited loss of fur, though the coat 
grew again without any alteration in the diet. The lemon juice caused no 
improvement in the caseinogen diet, but with edestin the fur did not come out 
quite so badly when lemon juice was added. 

(3) Reproduction . On the whole reproduction was very poor and therefore 
the experiments were not continued after the first litters were born. Both 
with presence and absence of lemon juice the young were frequently born dead 
or died within a few days of birth, only a few were reared and the numbers per 
fitter were low' compared w ith stock animals. 

From these experiments, therefore, it appears that the addition of lemon 
juice to the basal diet produces no improvement in breeding, but green cabbage 
leaves have a beneficial effect. Hence it seems that vitamin C itself is not the 
factor to which the improvement is due, and it is obvious that the raw cabbage 
contained some food factor of importance in breeding, which was not present 
in the lemon juice. It seems unlikely that the diets used were at all deficient 
in vitamin E, for Sure [1927] finds that 10 % of butter-fat in a synthetic ration 
assures fertility and successful lactation in the rat, and the diets described in 
this paper contained i«% of butter. Mattill and Clayton [1926] consider it 
probable that milk-fat contains more vitamin E than has been estimated, 
though Evans and Bishop [1923] find that large quantities of this fat are 
required to cure sterility. However, the curative dose may be greater than the 
preventive ration. No information can be found as to the relative amounts of 
vitamin E in lemon juice and cabbage, therefore the reason for the improve¬ 
ment produced by cabbage leaves must await further research. It is interesting, 
how'ever, to note that no improvement in growth was obtained by the addition 
of cabbage as compared w 7 ith the lemon juice, affording further evidence that 
the dietary requirements vary w r it,h different periods of existence. 

The experiments described here do not support the view of Harden and 
Zilva, [1918] that the addition of the antiscorbutic vitamin to the rat's diet 
produces better growth. These workers obtained distinctly better growth w hen 
they added lemon juice with the citric acid removed, but as suggested by 
Palmer and Kennedy [1927] the lemon juice may have contained vitamin A 
or B, or both, and therefore the favourable result may not have been ex¬ 
clusively due to vitamin C. Since the experiments of Harden and Zilva much 
work has been done on growth with various diets and it is probable that there 
are several possible explanations of their results. For instance, their AB diet 
contained different amounts of the various constituents as compared w r ith their 
ABO diet—thus in the AB diet there were 2-5 cc. olive oil, while the ABC diet 
had only 0-25 cc. 
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More recent work has shown that the actual proportion of constituents of 
a diet is an important factor and this in itself may account for the different 
rates of growth. It is also possible that the modified technique adopted now, 
i.e. keeping animals on screens away from their excreta, will require an altera¬ 
tion in the amounts of the different food factors required. In previous work 
[Hartwell, 1926] good growth was obtained with 2 g. marmite per 100 g. solid, 
but more recent work when rats were kept on screens has shown this figure 
to be too low. With their excreta accessible animals make up deficiencies in 
their diets from this source, but a more generous supply in their food may well 
produce better growth. 

Summary. 

The addition of the antiscorbutic vitamin to a synthetic diet produced no 
improvement in the rate of growth or reproduction of the rat. 

The expenses of this research were defrayed by a grant from the Medical 
Research Council. 
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II. THE HEMICELLULOSES OF MAIZE COBS. 
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(Received June 26th, 1930.) 

Introduction. 

Maize cobs have long been recognised as a source of xylose, which may be 
obtained from them in a pure condition and in fairly high yield. More recently, 
a method for the preparation of xylose from this source has been described by 
Ling and Nanji [1923], who obtained the sugar in 10-12 % yield. 

This xylose arises, at least in part, by the hydrolysis of hemicelluloses 
present in the cobs. Johnson [1896] investigated the nature of maize cob 
hemicellulose. After a preliminary treatment with dilute ammonia, the cobs 
were extracted with sodium hydroxide solution, the hemicellulose being pre¬ 
cipitated by addition of alcohol. The product yielded xylose on hydrolysis, 
other sugars not being detected, while as a result of elementary analysis the 
formula (C 6 H 8 0 4 ) n was ascribed to it. 

Maize cob hemicellulose was thus regarded as a single substance, indeed 
as a pure xylan. 

However, it has been indicated in a previous paper dealing with the hemi¬ 
celluloses of wheat bran [Norris and Preece, 1930] that in some cases at least 
it may be possible to separate the hemicellulose from a given source into a 
number of fractions, having constitutions which are similar but, nevertheless, 
distinct. Moreover, it has been shown that uronic acid residues are widespread 
in hemicelluloses [O’Dwyer, 1926; Norman, 1929]. 

It was felt, therefore, that the method of separation successfully applied 
in the case of the hemicelluloses of wheat bran might to advantage be at¬ 
tempted with the hemicelluloses of maize cobs, with the added object of 
detecting the presence of constituents other than xylan. In a substance of 
such complexity as a hemicellulose, the substitution of one or more residues 
of xylose by residues of other sugars, or sugar derivatives, would but slightly 
alter its elementary composition. Thus, the analysis of maize cob hemicellulose 
might still approximate very closely to that for a pure xylan, even though 
xylose were not the only sugar obtainable from it on hydrolysis. 
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Experimental, 

Preparation and purification of the hemicelluloses. 

As a preliminary to chemical treatment, the cobs were mechanically re¬ 
duced to a coarse sawdust. The preparation of the hemicelluloses was carried 
out in exactly the same way as has been described for the preparation of 
the hemicelluloses of wheat bran [Norris and Preece, 1930], The method there 
described again gave three fractions, designated hemicelluloses A, B and C. 

Furfuraldehyde determinations were carried out on the products, and the 
results obtained (calculated on the dry, ash-free material) are quoted in 
Table I where the yields from 400 g. of the ground cobs are also given. 



Table I. 



Yield of crude 

Furfural- 


product from 

dehyde 

Fraction 

400 g. of cobs (g.) 

o‘ 

/o 

A 

32 

GO 70 

B 

24 

57*82 

C 

6 

50 77 


Hemicellulose A was purified by dissolving in 4 % sodium hydroxide 
solution, filtering through paper pulp, and precipitating with Fehling's solution 
as the copper complex. This was decomposed with dilute hydrochloric acid, 
and the hemicellulose precipitated and washed with acetone. 

An attempt was made to separate hemicellulose B into two fractions 
analogous to hemicelluloses B 1 and B 2 of wheat bran. However, the whole 
of this fraction was directly precipitated from alkaline solution by Fehling’s 
solution; consequently this product is described as hemicellulose B 1. 

On the other hand, hemicellulose C was split up by copper treatment, a 
portion—hemicellulose Cl—being directly precipitated by Fehling's solution, 
while hemicellulose C 2 was precipitated from the filtrate from this on addition 
of half a volume of acetone. Both fractions were further purified by a repetition 
of the treatment. 

Thus, the hemicelluloses of maize cobs, like those of wheat bran, may be 
separated into four fractions, the two sets having, however, somewhat different 
characteristics. Thus, while under the present system of nomenclature the 
wheat bran-kemicelluloses are designated A, B 1, B 2 and C 2, those of maize 
cobs are A, B 1, C 1 and C 2. 

General properties of the hemicelluloses . 

The four hemicelluloses are white, amorphous, non-reducing powders, 
fraction A is insoluble in hot water; B 1 swells up in cold water, and is com¬ 
pletely dissolved on boiling; C 1 is partially dissolved by cold water, complete 
solution being obtained on boiling; C 2 shows gum-like swelling in cold water; 
hot water dissolves it entirely. None of these hemicelluloses gives an iodine 
coloration. 
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During the estimation of furfuraldehyde, it was found that the phloro- 
glucide precipitates obtained from hemieelluloses B, C 1 and C 2 contained 
appreciable amounts of a substance soluble in 95 % alcohol to a red-brown 
solution, indicating the presence of methylpentosan in these hemieelluloses. 
Consequently, determinations of methylpentosan in presence of pentosan were 
carried out according to the method of Tollens and Ellett [see Browne, 1912]. 
The percentages of methylpentosan found and the percentage yields of fur¬ 
furaldehyde are given in Table II. Carbon dioxide numbers were also obtained 
by the method of Nanji, Paton, and Ling [1925]. The rotatory powers of 
A, B 1 and C 3 in 4 % sodium hydroxide solution were also determined. 

All the results given in this table are calculated on the dry, ash-free hemi- 
celluloses, and in each case the figures quoted are the mean for a number of 
closely agreeing determinations. 


Table II. 


Hemieellulose . 

A 

B 1 

Cl 

C 2 

Yield from cobs ° t) 

8-0 

60 

1*0 

0*5 

Met h yl pentosan ° 0 

— 

7*01 

7*42 

8*91 

Furfuraldehyde % 

61*49 

57*31 

54*57 

43*90 

Carbon dioxide % 

0*94 

1*30 

1*85 

1*39 

Uronic anhydride % 

3-76 

5*20 

7*40 

5*56 

Rotatory power [a]*^ 

- 96° 

- 108° 

- 90° 

— 


Since hemieellulose C, before separation into its constituents, was found to 
give a furfuraldehyde yield of 50*77 %, its components C 1 and C 2 are present 
in the ratio of two parts of the former to one of the latter. 

Hydrolysis . 

Hemicdlnlose A. Some 5 g. of the hemieellulose were hydrolysed by heating 
under reflux for 4 hours with 250 cc. of 1 % sulphuric acid. The sulphuric acid 
was then neutralised by the addition of the requisite volume of saturated 
barium hydroxide solution, and the precipitated barium sulphate filtered off. 
The filtrate was evaporated in vacuo just to dryness, and the residue extracted 
twice with 50 cc. portions of absolute alcohol. The alcoholic extracts after 
filtering were united, the alcohol removed by evaporation, and drying com¬ 
pleted in vacuo. The residue insoluble in absolute alcohol was twice extracted 
with 50 cc. portions of boiling 80 % alcohol, the united extracts being taken 
to dryness as before. The amount of residue after 80 % alcohol extraction was 
extremely small, and was neglected. 

The bulk of the hydrolysis product was found to have passed into the 
absolute alcohol. The sugar of this fraction gave [a]^°° = + 18°, and melted 
after recrystallisation at 139°. 

From a portion of this sugar an osazone was prepared. The product was 
pure xylosazone, having the characteristic crystalline appearance and melting 
after recrystallisation at 160°. The presence of xylose was confirmed by the 
preparation of the characteristic cadmium xylonobromide. 



976 


t A. PREECE 


From the sugar soluble in 80 % alcohol a mixture of osazones was obtained. 
One, insoluble in hot water, had a crystalline appearance similar to that 
observed in the case of insoluble phenylhydrazine derivatives obtained from 
the hydrolysis liquors of certain of the hemicelluloses of wheat bran [Norris 
and Preece, 1930]. After purification it melted sharply at 160°. In all prob¬ 
ability, this product is a derivative of glycuronic acid. The second osazone was 
that of xylose, and the presence of this sugar was confirmed by the preparation 
of cadmium xylonobromide. 

Sugars other than xylose could not be detected in either of the two 
fractions. 

In a second hydrolysis, a weight equivalent to 1*549 g. of dry, ash-free 
hemieellulose A was treated with 1 % sulphuric acid in the usual way, the 
sulphuric acid neutralised with the requisite volume of barium hydroxide 
solution, and the barium sulphate removed by filtration. The precipitate was 
carefully washed with water, and the filtrate and washings combined. The liquid 
still remained acid to phenolphthalein, and a further amount of barium 
hydroxide was added to bring the reaction to the neutral point. After evapora¬ 
tion to dryness in vacuo , the sugar was extracted several times with small 
quantities of boiling absolute alcohol, and the extracts filtered hot, and com¬ 
bined. 

From the combined extracts there was recovered 1*45 g. of xylose, giving 
for c = 3*362 = -f 19*5°, It is shown below that hemieellulose A contains 

94-36 % of xylan, so that the present amount of xylose obtained represents 
some 88 % of the theoretical yield. 

Hemieellulose B I. The neutral hydrolysis liquor from hemieellulose B 1 
was taken to dryness in vacuo and extracted successively with absolute 
alcohol and with 80 % alcohol. The bulk of the sugar was again found to pass 
into the absolute alcohol. 

The sugar soluble in absolute alcohol gave [a]^° ** 4-18°. An osazone pre¬ 
pared from it proved to be xylosazone, melting after recrystallisation at 158°. 
Cadmium xylonobromide was also prepared. 

The product soluble in 80 % alcohol showed [a]^° «= + 19°. This also was 
xylose, yielding xylosazone melting at 158°, and yielding cadmium xylono¬ 
bromide. 

Hydrolysis products other than xylose could not be detected in either 
fraction, nor was a phenylhydrazine derivative insoluble in hot water obtained 
from either. 

A hydrolysis on quantitative lines was carried out in a manner similar to 
that employed in the case of the second hydrolysis of hemieellulose A described 
above. 

1*72 g. of hemieellulose B1 yielded 1*58 g. of xylose, showing for 
c » 2*31 [a\^ ** + 19°, and melting at 140-141°. This represents a yield of 
xylose approximating to 92 % of the theoretical, since, as is shown below, 
hemieellulfi^ B1 contains 87^60 % oi xylan. 
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Hemicelluloses C 1 and C 2 . Owing to the small amounts of these products 
available for examination, only preliminary investigations of the nature of 
the sugars arising on hydrolysis could be attempted. However, these sufficed 
to indicate with certainty the nature of the pentoses produced. 

To the hydrolysis liquor obtained from 1 g. of hemicellulose C 1 saturated 
barium hydroxide solution was added until the liquid remained just acid to 
phenolphthalein. The filtrate from barium sulphate was concentrated to a 
bulk of 50 cc. and divided into several portions for examination. 

An osazone was prepared. The product was mainly pentosazone, soluble 
in hot water. This had the crystalline form of xylosazone and melted after 
several recrystallisations at 154°, a somewhat low temperature. The small 
amount of derivative insoluble in hot water had the crystalline form associated 
with the phenylhvdrazine derivative of glycuronic acid. It was not further 
examined. 

The presence of xylose was confirmed by the preparation from a second 
portion of hydrolysis liquor of the characteristic cadmium xylonobromide. 
Arabinose and hexoses were absent. 

The hydrolysis liquor from 1 g. of C 2 was treated similarly to the above. 
The osazone obtained was again a mixture. The small amount insoluble in 
hot water was the glycuronic acid derivative, melting after recrystallisation 
from dilute alcohol at 155-156°. The hot water-soluble osazone resembled in 
crystalline appearance the osazone of arabinose; it melted at 158°. 

By treating a portion of the hydrolysis liquor in the usual way with diphenyl- 
hydrazine, a copious precipitate of colourless crystalline arabinose diphenyl- 
hydrazone was obtained on standing. After recrystallisation from 50 % 
alcohol this gave a melting point of 200°. The presence of arabinose amongst 
the products of hydrolysis of hemicellulose C 2 was thus confirmed. Xylose 
and hexoses were absent. 

In the case of none of the hemicelluloses was it possible to identify the 
methylpentosan constituent. Further, the very small amounts of uronic acid 
residues present in all cases made their absolute characterisation impossible, 
though, as has been shown, glycuronic acid appears to be present in at least 
three cases. 

Discussion. 

It has been shown by Cunningham and Dor6e [1914] and other workers, 
that cu*hydroxymethylfurfuraldehyde gives with phloroglucinol a precipitate 
which is soluble in alcohol. However, it has been shown that the hemicelluloses 
of the present research contain no hexosan, and it thus seems legitimate to 
regard the alcohol-soluble portion of the phloroglucide precipitate as due 
solely to methylpentosans. 

From the. results of the hydrolyses, and from the analytical data quoted 
in Table II, it is possible to calculate with fair accuracy the relative pro¬ 
portions of xylan, araban, methylpentosan, and uronic anhydride present in 
the four fractions. Use is made of the following relations: 
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100 g. uronic anhydride yield 16*7 g. furfuraldehyde. 
100 g. xylan yield 64*5 g. furfuraldehyde. 

100 g. araban yield 53*5 g. furfuraldehyde. 

The calculated values are given in Table III. 


Table III. 


Hemicellulose . 

Total furfuraldehyde % ... . 

Furfuraldehyde from uronic anhydride % 
Furfuraldehyde from pentosan % 

Xylan %. 

Araban % ... 

Methylpentosan % . 

Uronic anhydride % . 

Total percentage accounted for. 


A 

B 1 

Cl 

C 2 

61-49 

57-31 

54*57 

43*90 

0-63 

0*87 

1*23 

0-93 

60-86 

56*44 

53-34 

42*97 

94*36 

87*50 

82*70 

— 

— 

— 

— 

80*32 

— 

7*01 

7-42 

8-91 

3-76 

5*20 

7*40 

5*56 

98*12 

99*71 

97*52 

94*79 


Thus, it has been possible in all cases to account satisfactorily for prac¬ 
tically 100 % of the constituents. It will be seen that hemicelluloses A, B 1 
and C 1 form a series, in which increasing solubility in water is accompanied 
by simultaneous increases in the amounts of uronic anhydride and methyl¬ 
pentosan present, with corresponding decreases in the xylan percentages. 
However, the corresponding rotatory powers (Table II) do not show a similar 
progressive change. 

The simultaneous occurrence in some cases of methylpentosan and uronic 
anhydride is of interest; this might have been expected, however, since these 
may be regarded as derived from hexosan by reduction and oxidation re¬ 
spectively. 

If the above fractions represent individual hemicelluloses, it is apparent 
that the hemicellulose molecule is one of considerable complexity. Thus, 
fraction B 1, yielding 57*31 % furfuraldehyde, 7*01 % methylpentosan, and 


5*20 % uronic anhydride, would correspond to a molecule of the minimum 
dimensions (C 6 H 8 0 4 )43 • . (C 6 H 8 0 8 )* 


with a molecular weight of approximately 6500. Such a structure would give 
a furfuraldehyde yield of 57-47 % and would contain 6-8 % and 5-4 % of 
methylpentosan and uronic anhydride respectively. 

The alternative view that the fractions isolated represent aggregates of 
molecules of similar physical properties has much to commend it, and at 
present it is manifestly unwise to claim that individual hemicelluloses have 
been isolated. 

Summary. 

1. The hemicellulose of maize cobs has been separated into four fractions, 
none of which corresponds to a pure xylan. 

2. Hemicellulose A yields on hydrolysis xylose and a uronic acid; B 1 and 
C1 yield varying proportions of xylose, uronic acid, and methylpentose; C 2 
gives arabiaose, uronic acid, and methylpentose. 
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3. In all cases the proportion of pentose residues present far exceeds the 
combined proportions bt residues of methylpentose and uronic acid. 

The author’s best thanks are due to Prof. A. R. Ling and Dr F. W. Norris 
for their encouragement and advice. 
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CXI. CAROTENE AND VITAMIN A. 

THE TRANSFORMATION OF CAROTENE INTO 
VITAMIN A AS SHOWN BY A STUDY OF THE 
ABSORPTION SPECTRA OF RAT-LIVER OILS. 

By NORMAN STEWART CAPPER. 

From the Sir Donald Currie Laboratories, Queen's University , Belfast . 

(Received June 28th, 1930.) 

Moore [1929, 1930] has advanced evidence to show that when highly purified 
carotene is administered to rats it is not stored in the liver in an unchanged 
condition, but suffers conversion to vitamin A. Among other evidence in 
favour of this view, preliminary results obtained by the present author in 
regard to the absorption spectra of the liver oils of rats receiving carotene 
were quoted. These preliminary experiments have now been confirmed and the 
results may be described in detail. 

Experimental. 

The liver oils, extracted by Dr Moore, were forwarded to me in sealed 
tubes. After weighing, the oils were dissolved in dry ether or chloroform and 
their absorption spectra determined with a Hilger E 3 all-quartz spectrograph 
used in conjunction with a Hilger sector photometer with a condensed copper 
spark as light source. 

The numbering of the rats corresponds with that of Moore’s paper [1930]. 
Closely similar absorption curves were obtained for the liver oils of rats re¬ 
ceiving similar diets and representative examples are reproduced in Fig. 1. 

The results are shown in Table I. 


No. and 
sex of rat 

Diet 

Solvent 

Rand at 325 

Band or inflexion 
in region of 

280 fifJL 


Vitamin Adree 

Ether 

No band 

Inflexion 


»> 

Chloroform 

t f 

9 9 

9c? 

»» 


99 

99 

10$ 

r* 

Ether 

9 9 

99 

10$ 

Vitamin A-free -f 0-75 mg. per 

Ether 

Good band 

Shallow band 

17$ 

day carotene, m.p. 178° 

Chloroform 

t* 

tt 

19 <? 

Vitamin A-free + red palm oil 

Chloroform 

it 

Inflexion 

20$ 

(1-5 gJ 

Ether 

>> 

Shallow band 

22 $ 

Vitamin A-free + fresh carrots 

Chloroform 


Shallow band 

ad lib. 
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Discussion. 

It is seen that in every case the liver oils of rats fed on a diet free from 
vitamin A gave no band in the region of 325 fifi, while the liver oils of rats 
given in addition either crystalline carotene or substances containing carotene 
showed selective absorption in this region in every case. The absorption spectra 
shown by the liver oils of the rats treated with carotene were therefore similar 



Fig. 1..Liver oil of rat no. 10 in chloroform. 

.Liver oil of rat no. 22 in chloroform. 

-Liver oil of rat no. 16 in et-hor. 

— . — Liver oil of rat no. 20 in other. 

e is defined by log IJI ~ ccd , where c is the concentration of the liver oil in g. per cc., d is the 
cell thickness in centimetres. 

to those shown by cod-liver oils in which, as well as in other animals, vitamin A 
activity has been found to run parallel with a prominent band in the position 
stated [Takahashi el al., 1925; Morton and Heilbron, 1928; Drummond and 
Morton, 1929]. Since it has already been shown [Capper, 1930] that this band 
is absent from the absorption spectrum of carotene (subsequent experiments 
have also shown that it is absent from the spectrum of red palm oil) it is obvious 
that the substance responsible (presumably vitamin A) must be synthesised 
in vivo from the carotene. 

This result not only affords support to the view that carotene is converted 
to vitamin A in vivo but in a reciprocal manner serves also to strengthen 
confidence in the reliability of the 325 /x/x band as an index of the presence of 
the vi tamin . Morton and Heilbron [1928] have shown that this band is always 
present in sources of vitamin A of animal origin, and that when physiological 

02 - 2 
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activity is destroyed by oxidation the band disappears. Prom the present 
work additional evidence may be deduced, since when the vitamin, as charac¬ 
terised by its other attributes, is synthesised in the rat, the band simultaneously 
makes its appearance. 

In addition to the main band at 325/x/x shallow bands or inflexions were 
noted in the region of 280/u/x. Absorption in this position has been repeatedly 
described by various workers in the case of cod-liver oils [Schlutz and Morse, 
1925; Schlutz and Ziegler, 1926; Heilbron, Kamm and Morton, 1927; Wood- 
row, 1928], It has been suggested that this band may be due either to the 
presence of ergosterol or to a decomposition product of vitamin A, but never¬ 
theless the actual significance remains obscure. Prom the present work it 
may be noted, without comment, that inflexions were observed even in the 
case of the liver oils of rats killed during acute vitamin A deficiency. 

Summary. 

1. The band at 325 pju generally attributed to vitamin A was absent from 
the absorption spectra of the liver oils of rats suffering from vitamin A 
deficiency, but was shown by the liver oils of similar rats which had been 
subsequently cured by massive doses of carotene. 

2. Since the 325p/a band has already been shown to be absent from the 
absorption spectrum of carotene, it is obvious that the substance responsible 
for the exhibition of this band by the liver oils of carotene-treated rats (pre¬ 
sumably vitamin A) had been synthesised in vivo from the carotene. 

3. Additional evidence in favour both of the conversion of carotene to 
vitamin A and of the reliability of the 325jUjU band as an index of the presence 
of the vitamin is therefore made available. 

My thanks are due to Dr Moore for his continued interest and help. 
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CXII. NOTE ON THE POSSIBLE MECHANISM OF 
DIPHTHERIA TOXOID FORMATION. 

By LESLIE FRANK HEWITT. 

From the Belmont Laboratories (L.C.C.), Sutton , Surrey. 

(Received June 30th , 1930.) 

When diphtheria toxin is incubated with formaldehyde the toxic properties 
disappear [Glenny and Sudmersen, 1921], leaving the antigenic function 
practically unimpaired [Ramon, 1925,1928]. In these laboratories toxins have 
been prepared with an M.L.D. as low as 0-0005 cc. and Lf. of 0-024 cc. and 
after incubation with 0-4 % formalin the M.L.D. is considerably greater than 
5 cc. whilst 90 % of the antigenic activity (as measured by the flocculating 
power) is retained. 

The mechanism of this process is of considerable interest both from the 
theoretical and practical points of view since toxoid is largely used in the 
preparation of diphtheria antitoxin and is being employed increasingly in 
prophylaxis. 

Formaldehyde reacts with amino-groups forming methylimino-compounds. 
It appears possible therefore that the toxoiding process is due to the removal 
of free amino-groups in the toxin which are responsible for toxicity but play 
no part in eliciting antibodies or combining w r ith antitoxin. 

Kissin and Bronstein [1928] claim that all free NH 2 -groups in the toxin 
molecule are combined during the toxoiding process, but later [1930] modify 
this view and claim that one-half of the free NH 2 -groups disappears when the 
toxin is treated with 0-4-0-5 % of formalin. They conclude therefore that 
there are two sets of amino-groups in the toxin molecule. One set is responsible 
for toxicity and, conveniently, disappears during the toxoiding process; and 
the other set, responsible for combining with antitoxin and eliciting antibodies, 
remains unattacked by formaldehyde. 

Experiments are described in this communication to test this and other 
hypotheses which might explain toxoid formation. 

Experimental. 

Method of toxoid preparat ion. 

Directions for preparing diphtheria toxoid given by various authors are 
as follows: the toxin is incubated at 36 to 42° with 0-3 to 0*5 % of formalin 
for periods ranging from 2 weeks to 2 months. 

In these laboratories the following standard conditions have been found 
most suitable. 
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0*4 % of 40 % formaldehyde is added to the toxin and the mixture is 
incubated at 38° in a hot room for 4-6 weeks. The loss of antigenic power (as 
measured by flocculation methods) is of the order of 10 % only, and the toxoid 
produces no local or general reaction when inoculated subcutaneously in 5 cc, 
doses into 300 g. guinea-pigs. 

To give a typical example: a 5 litre batch of toxin (M.L.D. 0*0005 cc., Lf. 
0*024 cc.) was incubated at 38° with 20 cc. of 40 % formaldehyde (A.R.) for 
6 weeks. 5 cc. were then inoculated subcutaneously into a 300 g. guinea-pig. 
No local swelling or other symptom was observed and the animal steadily 
gained weight. The Lf. was now 0*028 cc. Thus the toxicity had diminished 
at least 20,000 times, whilst 90 % of the flocculating power was retained. 

The following experiment shows the effect of varying the conditions of 
the toxoiding process. 

Original toxin, Lf. 0*09 cc., 5-litre batches used; after 4| weeks’ incubation 
under the conditions described, subcutaneous inoculations of 5 cc. were made 
into 300 g. guinea-pigs with the results shown. 

Table I. Effect of amount of formalin addod on toxoid formed . 

(4J weeks’ incubation at 3S°) 

Effect on guinea-pig 

Formalin Change in weight Amount of 

added % after 1 week (g.) looal swelling 

0*3 - 5 Large firm 

0-4 + 15 Trace 

0*5 +25 Practically nil 

Table II. Effect of temperature of incubation on toxoid . 

(0*4 % formalin) 

Effect on guinea-pig *. 

Weight after Amount of 

1 week (g.) local swelling 

- 35 Extensive firm 

+ 15 Trace 

Table III. Effect of p H after addition of formalin . 

(0-4 % formalin at 38°) 

Effect on guinea-pig 

pH when incu- Weight after Amount of 

bation commenced 1 week (g.) local swelling 

8*0 ± 0 Practically nil 

7-3 + 15 Trace 

In another experiment one batch of toxin was incubated with 0*4 % of 
formalin for 6 weeks at 40-41° and another batch at 38°. In this case practically 
no difference was observed between the effects on guinea-pigs of toxoids pre¬ 
pared at 38° and 40°, but whilst the flocculating titre of that prepared at 38° 
had dropped some 8 %, that incubated at 40° had fallen nearly 25 %. It is 


Temp. 

°C. 

36 

38 
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inadvisable and unnecessary therefore to incubate at temperatures higher 
than 38°. 

Amino-nitrogen of toxins. 

Veal or horse-flesh infusion broth containing 2 % of Difco proteose peptone 
is used for toxin production. The amino-nitrogen of the medium (determined 
by the Van Slyke and Sorensen methods) varies between 0*065 and 0*1 %. 
The toxin filtrates prepared by 8-10 days’ growth of Park-Williams 8 strain of 
C. diphtheriae have generally a slightly higher content of amino-nitrogen, but 
lower values than those of the original medium have been observed. The limits 
observed have been 0*06 % and 0*11 % of amino-nitrogen. 

In view of Hartley and Hartley's [1922] observation of the deleterious 
effect of overheating the medium required for toxin production, comparisons 
were made of toxin production in broths sterilised by autoclaving and by 
candle-filtration respectively. Batches of broth were divided into two parts, 
both being treated in precisely the same way, save that one part was auto¬ 
claved and the other filtered through a candle to effect sterility. In each case 
better toxin production and higher amino-nitrogen content were observed in 
the batches which had not been autoclaved. No direct relationship, however, 
could be traced between toxin production and the amino-nitrogen content of 
the medium. 

Table IV. Effect of method of sterilisation of broth on properties of toxic 

filtrate . 

Filtered Autoclaved 


Batch 

Flocculation Amino-nitrogen 

Flocculation Amino-nitrogen 
units per 1 cc. % 

no. 

units per 1 cc. 

O' 

/o 

821 

42 

(HO 

18 0-05 

824 

28 

009 

8 006 


Action of formaldehyde on a mino-com pounds. 

Amino-groups are determined in the Sorensen method by addition of 
excess of formaldehyde and titration of the acidity developed. The acid 
liberated is quantitatively equivalent to the amino-nitrogen combined. 

Differential Sorensen titrations were performed in the following wav. A 
small quantity of formaldehyde (approximately the theoretical quantity 
required to combine with all the amino-groups present) was added to the 
amino-compound and the acidity developed was titrated; increasing quantities 
of formaldehyde were then added and the acid liberated was determined after 
each addition. 

In the following tables are given typical results obtained with a simple 
amino-acid (glycine), peptone, peptone infusion broth, a diphtheria toxin 
filtrate and a detoxified (formalinised) toxoid: 10 cc. of the neutralised solution 
were used in each case. 
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Table V. Differential Sprensen titrations. 

01 N NaOH required to neutralise (cc.) 


40 % HCHO 
added (cc.) 
006 
010 
0*20 
0-40 
0*80 
1*60 
3*20 


0*6 % glycine 
1*0 
2*0 
34 
43 
6*1 
6*8 
6*4 


2 % peptone 
0*70 
M3 
1*45 
1-75 
2*00 
2*25 
2*65 


2 % peptone 
infusion broth 
1*1 
21 
8*2 
3*8 
4*2 
4*6 
6*1 


The equilibrium constant K = ma r be calcu,ated 

from the above data. The mean value is (>'28 and divergences from this 
value are relatively small considering the nature of the experiments (limits 
0-20 to 0-32). 

Table VI. 


Diphtheria Toxoid F.T. 

toxin T. 800; Lf. 0 053 oc. 800; Lf. 0-056 cc. 

__A_. __A_ 


40 % HCHO 

0* 1 N NaOH to 

40 % HCHO 

0*1 N NaOH to 

added (cc.) 

neutralise (cc.) 

added (cc.) 

neutralise (cc.) 

0*05 

1*0 

(0*04)* 

(0)* 

0*10 

2*5 

0*10 

0*8 

0*20 

3*9 

0*20 

2*2 

0*40 

4*7 

0*40 

3*3 

0*80 

6*3 

0-80 

4*2 

1*60 

5*9 

1*60 

4*8 

320 

6*6 

3*20 

5*3 


* Already present. 


When the quantity of formaldehyde added is the amount theoretically 
sufficient to combine with all the amino-nitrogen present (usually about 0-05 cc. 
of 40 % HCHO added to 10 cc.) it is found that only some it % of the amino- 
nitrogen is combined, leaving about 85 % free. A very large excess of formalde¬ 
hyde (over 6000 %) must be added before an approach to quantitative com¬ 
bination occurs. In the toxoiding process the amount of formaldehyde added 
(0-4 to 0*5 % of 40 % HCHO) is approximately the theoretical quantity to 
combine with all the amino-nitrogen. It is found, however, that even in the 
completely detoxified toxoid which has been incubated with formaldehyde for 
6 weeks 85 % of the amino-nitrogen remains free and uncombined. 

In Fig. 1 are plotted the results obtained with toxin T. 800 and the corre¬ 
sponding toxoid F.T. 800. It will be seen that the total titratable free amino- 
nitrogen of the toxoid is approximately 85 % of that of the toxin. 

Furthermore, the same result has been obtained with every toxin and toxoid 
examined, and, not only so, but also with simple amino-compounds such as 
glycine, with peptone and with the medium in which the organisms are grown. 
It seems likely therefore that the same would be found true of the pure 
diphtheria toxin itself if it could be isolated. The same result was obtained 
when the Van Slyke method of determining amino-nitrogen was used in place 
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of the Sorensen titration method. It seems justifiable to assume therefore that 
only about one-sixth or one-seventh of the amino-groups in toxin disappear 
during the toxoiding process and that toxoiding may proceed by some alto¬ 
gether different mechanism. 



HCHO added (g. equiv. x lO- 4 ) 

Fig. 1. Differential Sorensen titrations 

This result is completely at variance with the conclusions of Kissin and 
Bronstein [1928, 1930] who claim that exactly 50 % of the free amino-groups 
in the toxin molecule disappear during the toxoiding process. Their experi¬ 
ments receive attention in the next section. 

Acid titration curves . 

Kissin and Bronsteins [1928, 1930] experiments were conducted as follows. 
Samples of toxin (5 cc.) were neutralised to litmus (Point I), N HC1 was then 
added until the maximum precipitation was observed (Point II), then a further 
quantity of HC1 was added until the reaction was acid to tropaeolin (Point III). 
If x cc. of acid were required to pass from Point I to II and y cc. to pass from 
II to III, the ratio xjy is known as the ‘‘acid quotient.” The authors claim 
that the 4 * acid quotient” of broth or of fresh diphtheria toxin is 2, whilst 
that of detoxified toxoid approximates to L 

If attention is confined for the moment to the technical aspect of these 
experiments, a number of criticisms may be made. The use of litmus as a 
neutral point indicator is inadvisable owing to the wide range of colour change 
and the impossibility of accurate, reproducible readings. The point of maximum 
precipitation (II) is again not particularly well defined, there is a considerable 
range over which differences in precipitation are difficult to detect, and finally 
point III, the change of colour of tropaeolin (probably tropaeolin 00), is again 
susceptible to the inaccuracies involved in the observation of colour change. 
There is therefore considerable scope for errors in this titration method, 
particularly since the final “acid quotient” is the ratio of two amounts 
obtained b7 difference. A discrepancy of less than 0*1 cc. in the titrations is 
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sufficient to render the whole experiment useless. It must be pointed out that 
their experiments have not been confirmed by any other method. 

Before going further it was decided therefore to repeat Kissin and Bron¬ 
stein’s experiments. It was impossible to obtain reproducible results of any 
value using litmus and tropaeolin GO as indicators so electrometric titrations 
with the quinhydrone electrode were employed. Varying amounts of N HC1 
were added to 5 cc. samples of the toxin under examination and the p H was 
determined electrometrieally. A typical pair of experimental results is illus¬ 
trated in the titration curves in Fig. 2. The neutral point to litmus was 
assumed to be 6*2 (as stated by Kissin and Bronstein), that of tropaeolin 
00 to be p H 2*0, and the points of maximum precipitation of toxins and toxoids 
appeared to be not widely different and at about p H 3*7. From the curves, 



Fig. 2. Titration curves. 

therefore, Kissin and Bronstein’s “acid quotient” may be read off with a fair 
degree of accuracy. No appreciable difference between toxins and toxoids was 
found, in every case the “acid quotient” was between 1-3 and 1-5. Thus, when 
Kissin and Bronstein’s experiments were performed with our toxins and 
toxoids under more accurate conditions their results were not confirmed. 

The only other experiment reported by Kissin and Bronstein to support 
their view was the determination of the amino-nitrogen of toxin by the Van 
Slyke method before and after the toxoiding process. A 50 % diminution in 
free amino-nitrogen was observed. This is completely at variance with results 
here reported. As mentioned in the previous section a diminution of only 15 % 
in free amino-nitrogen was found, both by the Van Slyke and the Sorensen 
methods. Furthermore, this diminution occurred directly the formaldehyde 
was added to the toxin and was not a gradual process like that of toxoiding. 
It should be remarked that 3-5 minutes’ shaking at 18-20° is generally con¬ 
sidered sufficient for the completion of the reaction of nitrous acid with amino- 
groups. Kissin and Bronstein allow the reaction to continue for 30 minutes— 
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a period likely to result in hydrolysis of peptide linkings and hence to vitiate 
the measurement. 

The theoretical interpretations placed by Kissin and Bronstein on the 
results of their experiments are also susceptible to critical examination. From 
the determination of acid quotients they conclude that the diphtheria toxin 
molecule contains two free amino-groups and one carboxylic acid group and 
that the toxoid molecule is identical but with only one free amino-group. The 
tacit assumption is made that in a toxic diphtheria culture filtrate there is 
present nothing but pure toxin, or, at any rate, that there are present no other 
substances likely to interfere with the titration. Of the substances in the toxic 
filtrate at least 99*5 % are not toxin at all, and the buffering power of peptone, 
phosphates, carbonates, etc. in various ranges of p n is considerable. It is 
unwarrantable, therefore, to assume that the characteristics of the titration 
curve are attributable to the pure toxin and that conclusions regarding the 
constitution of the toxin molecule may be deduced therefrom. Kissin and 
Bronstein state that the original broth gives the same acid quotient as diph¬ 
theria toxin filtrates. This again should make for caution in drawing conclusions 
from the behaviour of the very complex mixture comprised in the filtrate after 
growth of the culture. If the toxic filtrate cannot be distinguished from the 
original broth by this method, then it seems unwise to attempt any deductions 
from the results regarding the constitution of the toxin. 

An experiment with toxin purified by acid precipitation showed a diminu¬ 
tion of amino-nitrogen from 0*04 mg. per 1 Lf. to about 0-00016 mg., showing 
that not more than ^th of the amino-nitrogen in the toxic culture filtrate 
was attributable to the toxin itself. 

Reducing effects of formaldehyde. 

The oxidation-reduction condition of a reversible oxidation-reduction system 
may be observed by immersing an unattackable electrode in the solution. 
The potential difference set up at the electrode is dependent on the proportion of 
oxidised and reduced forms present of the substance studied. The more highly 
oxidising the system, the more highly positive is the potential and the more 
reducing the system, the more negative is the potential. 

Formaldehyde itself does not produce an oxidation-reduction potential at 
an electrode. By itself it is inert electrochemically but when added, for example, 
to fresh milk an enzyme present has an activating effect, and the mixture 
develops reducing properties when incubated. These reducing properties may 
be observed by the reduction of methylene blue (Schardinger reaction) or by 
measurement of the reducing potential developed [Clark, Cohen and Gibbs, 1925]. 

When formaldehyde was added to diphtheria toxin and the mixture was 
incubated a slight reducing potential was developed. For example, in one 
case, 0*4 % of 40 % formaldehyde was added to a sample of toxin and the 
mixture was ificubated. The original toxin had an oxidation-reduction 
potential of JSh — 0*34 v. but the formalinised mixture developed slowly a 
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potential of En = 0*22 v., at which level the potential was maintained for 
10 days, the duration of the experiment. 

It seemed possible therefore that the toxoiding process might be due to the 
maintenance of slight reducing conditions when the toxin was incubated with 
formaldehyde. 

An alternative method of reduction was therefore attempted. It has been 
shown [Hewitt, 1930] that intense reducing conditions are established in 
diphtheria cultures during growth and that these are maintained after the 
cessation of active proliferation. After 9 days’ incubation, therefore, a culture 
of C. dipktheriae (Park-Williams 8 strain) was sealed with melted vaselin, in 
order to prevent free access to air and to assist in the maintenance of reducing 
conditions. The incubation of the sealed culture was continued for 27 days. 
The filtrate of this culture was still highly toxic to guinea-pigs and the toxin- 
toxoid content, as measured by the Ramon flocculation method, had increased 
slightly during the incubation from 18 to 22 antigenic units per 1 cc. The 
flocculation time had also decreased slightly and the organisms proliferated 
actively when sub-cultured. 

This method of reduction had therefore failed to produce the toxoiding 
process. That the toxoiding process is not due to the reducing action of form¬ 
aldehyde is supported by the fact that although formaldehyde disappears 
during the toxoiding process the acidity corresponding to formic acid forma¬ 
tion is not developed, as would be expected if the following formula expressed 
the process accurately: 

H.CHO -f T + H 2 0 —► H.COOH + TH 2 
toxin toxoid 


If the formaldehyde, in its reducing effects, were oxidised still further to 
carbon dioxide, HC HO + 0 2 —C0 2 + H 2 0, 


there should be an increase of some 02 % in the C0 2 content of the toxin. 
Actually a decrease in C0 2 content from 0*13 % to 012 % was observed during 
the incubation with formaldehyde. During the toxoiding process a consider¬ 
able proportion of the formaldehyde disappears but its transformation pro¬ 
duct has not been found. 


Effect of other reagents. 

Sodium hydrosvlphile. To 20 cc. of toxin (T. 824, Lf. 0*04 cc.) were added 
0*05 g. sodium hydrosulphite and N NaOH to neutrality. The mixture was 
incubated at 40° for 2 hours and allowed to stand in the incubator for one night. 
The mixture was rendered sterile by filtration through a Seitz filter and 1 cc. 
was inoculated subcutaneously into a 300 g. guinea-pig. The animal died in 
24 hours and post mortem examination showed typical diphtheritic toxaexnic 
changes. This exposure to reducing conditions had not therefore led to 
disappearance of toxicity. * 
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Hydrogen peroxide. 20 cc. of toxin (T. 824) were incubated with 0*04 cc. of 
hydrogen peroxide (20 voL A.R.) at 40° for 2 hours. After standing overnight 
on ice 1 cc. was inoculated subcutaneously into a 300 g. guinea-pig. The 
animal was dead in 16 hours and post mortem examination revealed typical 
acute diphtheritic toxaemia. The oxidation, therefore, had not caused 
disappearance of toxic effects. 

Methyl alcohol. 20 cc. of toxin (T. 824) were incubated at 40° for 24 hours 
with 0*04 cc. of methyl alcohol (A.R.). 1 cc. was inoculated subcutaneously 
into a 300 g. guinea-pig which was dead in 16 hours with typical acute 
diphtheritic toxaemia (post mortem indicate ns). Methyl alcohol, which may 
be produced from formaldehyde by reduction, had therefore failed to remove 
the toxic properties of the toxin. 


Conclusions. 

In the conversion of toxin into detoxified toxoid the amount of formalde¬ 
hyde added is approximately the quantity theoretically sufficient to combine 
with all the amino-nitrogen present. Under these conditions, however, only 
some 15 % of the total amino-nitrogen is combined, and even after 6 weeks’ 
incubation some 85 % of it remains uncombined. A very large excess of 
formaldehyde is necessary before disappearance of free amino-nitrogen 
approaches completion. This is found to be the case not only with toxins and 
with broth but with peptone and the amino-acid, glycine. It seems probable 
therefore that the same would be found true of pure diphtheria toxin itself if 
it could be isolated. Since some six-sevenths of the amino-groups in the toxin 
molecule probably remain uncombined when this is converted into toxoid an 
alternative explanation of the effect of formaldehyde seems possible. 

Kissin and Bronstein [1928, 1930] maintain that 50 % of the free amino- 
groups in the toxin molecule disappear during the toxoiding process and 
conclude that the action of formaldehyde is to remove those amino-groups 
(50 %) vrhich are responsible for toxic effects but not for antigenic function or 
combining power. It was not found possible to confirm their results, and their 
experimental methods and theoretical conclusions are criticised. 

As an alternative to the removal of free amino-groups, another function 
of formaldehyde was investigated. Formaldehyde is capable of developing 
reducing tendencies in the presence of a suitable activator. Oxidation-re¬ 
duction potential measurements indicated some activation of formaldehyde 
when incubated with toxin, but another method of maintaining reducing 
conditions, namely, that of sealing a living diphtheria culture, failed to de¬ 
toxify the toxin. Formaldehyde disappears during the toxoiding process but 
is not converted to formic acid, or C0 2 , which is again evidence that it does 
not function a reducing agent in the process. 

Under the conditions employed reducing and oxidising agents and methyl 
alcohol failed to produce a detoxified toxoid. 
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Possible explanations of the toxoiding effect of formaldehyde, therefore, 
remain as follows. 

1. The disappearance of a small fraction of the free amino-groups in the 
toxin molecule may result in detoxification without destruction of combining 
power with antitoxin, or antigenic activity. 

2. The formaldehyde may cause union of two or more toxin molecules 
with formation of a compound of high molecular weight: 

TNH 2 + HCHO + TNH 2 —^ THN - CH 2 - NHT + H 2 0 
toxin toxin toxoid 

The compound, having the same general configuration as the original toxin, 
might possibly retain antitoxin-combining power without being able to exert 
toxic effects. 

3. The formaldehyde may react with groups other than NH 2 in the toxin 
molecule. 

4. The formaldehyde may itself undergo transformation, such as reduction, 
oxidation, polymerisation or combination with other broth constituents before 
reacting with the toxin. In this connection two facts are of interest, firstly 
the slow and gradual nature of toxoid formation and secondly that hexa¬ 
methylenetetramine, acetaldehyde and trioxymethylene sulphite have been 
found to produce toxoid formation, whilst paraldehyde does not [Bertbelot 
and Ramon, 1925; Hollande and Penn, 1928]. 

Although these hypotheses are entirely speculative they may provide a 
working basis for further investigation. 

Summary. 

1. Of the amino-nitrogen present in fresh diphtheria toxins some 85 % 
remains free in completely detoxified toxoids prepared by ^incubation with 
formaldehyde. 

2. Maintenance of toxins under reducing or oxidising conditions failed to 
produce toxoid. 

3. No evidence that toxoid formation is due to disappearance of free 
amino-groups, to reduction or to oxidation has been obtained. Possible 
mechanisms are discussed. 

The author is deeply indebted to Dr R, G. White for his encouraging 
interest and to the laboratory staff for their cooperation. 
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(1) Introduction. 

The refractive index of a protein solution is greater than that of pure water, 
and, according to the observations of Reiss [1904] and Robertson [1912], the 
difference between the refractions of the protein solution and the solvent is 
equal to the protein concentration in g. per 100 cc. of solution, multiplied by 
a constant. This constant is termed the specific refraction increment or the 
specific refraction of the protein. 

A critical account of the work of previous investigators on the refractions 
of the proteins in normal and in pathological sera has been published by 
Schretter [1926] who lias drawn attention to the question as to whether the 
specific refraction increments show physiological or pathological variations. 
The results obtained by different observers show a wide range of variation in 
normal as well as in pathological sera, but further investigation is required 
in view of the risks of error due to the relatively low stability of the proteins 
and their association with lipins and other impurities. 

The first problem investigated in this work is the preparation of a purified 
solution of crystalline horse serum-albumin under conditions wdiich minimise 
the risk of error due to alterations in the protein. The purity and stability of 
the preparations have been tested by comparing their specific refraction 
increments after successive recrystallisations and after different periods of 
dialysis in accordance with the procedure adopted by Hopkins [1900] in 
establishing the individuality of egg-albumin by measurements of the optical 
rotation of the protein after successive recrystallisations. 

The second problem is the application of Donnan's theory of membrane 
equilibrium to measurements of the refractive indices of serum-albumin and 
serum-globulin solutions which have been enclosed in collodion membranes 
and dialysed against phosphate mixtures of well-defined hydrogen ion con¬ 
centration. An experimental investigation of the effects of the unequal dis¬ 
tribution of salts on refraction is of value in determinations of the specific 
refraction increment of globulin, which cannot be dissolved in the absence of 
electrolytes. 
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The theoretical interpretation of the specific refraction increment of a 
protein is discussed in Section 11 in this work, and compared with determina¬ 
tions on amino-acids and calculations based on the refractivities of the con¬ 
stituent atoms. 

(2) A rapid method for the recrystallisation of horse serum-albumin . 

According to Svedberg and Sjogren [1928], serum-albumin once crystallised 
is a homogeneous substance of molecular weight 68,000, whereas recrystallised 
serum-albumin is a mixture of particles of different sizes, due to the decomposi¬ 
tion of the protein. Their suggestion that the earlier determinations of 62,000 
[Adair 1926], and 45,000 [Sorensen 1925, 1] refer to material partially decom¬ 
posed will be discussed in a later communication. 

In this work, an attempt has been made to determine the conditions for 
recrystallisation in which the protein remains unaltered. It is quite certain 
that the decomposition products referred to by Svedberg are not formed under 
all conditions, because preparations have been made in which the rotation of 
egg-albumin and of serum-albumin remains constant after a number of suc¬ 
cessive recrystallisations [Hopkins, 1900; Young, 1922]. This constancy of the 
rotation is of great importance as a proof of the stability as well as the purity 
of the preparations. 

The methods used in this work have been tested by comparing the specific 
refractions of material crystallised from one to four times, instead of the 
specific rotations. Refractometric measurements are not quite so sensitive as 
the measurements of rotation, but they can be made on smaller volumes of 
material. 

Recrystallised horse serum-albumin was prepared by a slightly modified 
form of the method of Hopkins. The preparations made tinder the conditions 
outlined below gave constant values for the specific refraction." 

Normal sterile horse serum was mixed with an equal volume of saturated 
ammonium sulphate solution and stored for 1 day at 0°. The globulin precipitate 
was removed by centrifuging or filtration. The first crystallisation was brought 
about by the addition of acetic acid as described in detail by Young [1922], 
who recommends a preliminary washing of the serum with ether, a procedure 
which was followed in some of our preparations. 

The solution was left to crystallise over-night at room temperature. H it 
is placed at 0*, amorphous matter may be deposited. 

The following day the crystals were separated from the mother liquor by 
eentrifuging, and then mixed with an approximately equal volume of a fluid 
prepared by adding 60 cc. of M sodium acetate solution and 40 cc. of M acetic 
acid to" 100 cc. of a saturated solution of ammonium sulphate and again 
centrifuged. It is possible to wash the crystals with this fluid two or three 
times without much loss* 

The quantities of reagents used in the process of recrystallisation given 
below refer to a preparation of about 2 g. of washed crystals, yielded by 100 co. 
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of serum. The volume of water used to dissolve these crystals is about 50 cc. 
After filtration of the solution of albumin in order to remove the insoluble 
residue, which may consist of lipins [Young, 1922], 8 cc. of M sodium or 
ammonium acetate were added, followed by a volume of saturated ammonium 
sulphate solution equal to the sum of the volumes of the water and the sodium 
acetate (about 58 c*c.). Finally, the acidity was adjusted by the addition of 
106 cc. of a mixture composed of equal volumes of M acetic acid and saturated 
ammonium sulphate (1*33 cc. of this mixture per cc. of sodium acetate). The 
only reagent which need be added slowly is the mixture of acetic acid and 
ammonium sulphate, which may be mixed wi\u the albumin solution in a 
period of about 15 minutes. Crystallisation takes place within 2 hours, and 
it may occur in a few minutes if the amounts of water and of ammonium 
sulphate are reduced, but under these conditions the crystals are very small. 
The solution must be stirred dm me the addition of acid and it is advisable to 
stir the solution during crystallisation. 

The yield can be increased by leaving the preparation over-night at room 
temperature. The crystals are separated from the mother-liquor by centrifuging 
and redissolved and recrvstallised by the same method. The yield after four 
crystallisations is about J g. per 100 cc. of serum if the process is completed 
in a period of 3 or 4 days, a period only slightly longer than that allotted for 
a single crystallisation in the experiment described by Svedberg. 

The process of recrystallisation adopted in this work necessitates the pre¬ 
paration of more reagents than does Hopkins’s original method, but it shortens 
the time required, because the volume of ammonium sulphate required can be 
calculated and added rapidly. In the original method, the ammonium sulphate 
must be added with caution, for a slight error of judgment in estimating the 
amount required may lead to the formation of amorphous precipitates. 

(3) The purification of albumin by dialysis against standard buffer solutions. 

The solutions of recrystallised albumin obtained by the method described 
above contained ammonium sulphate and other crystalloids which were removed 
by dialysis in collodion membranes. The method of dialysis adopted in this 
work differed from that described by previous workers, in that the solutions 
were subjected to a preliminary dialysis with a buffer mixture composed of 
sodium and potassium phosphates, before they were dialysed against distilled 
water, in order to convert ammonium albuminates into sodium or potassium 
albuminates. After the ammonia has been replaced by non-volatile bases, it 
is legitimate to use determinations of the ash content of the solutions as a test 
for the degree of purification effected by dialysis. The ash contents of solutions 
dialysed in different membranes for different periods are recorded in Table II, 
and it will be seen that the amounts of ash, which vary from 0-03 to 0-06 %, 
are too small to cause significant errors in refractometric measurements. For 
comparison with the experiments on aqueous solutions of albumin, a number 
of preparations at the physiological hydrogen ion concentration were made by 
Biochem, 1930 xxrsr 63 
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dialysing the protein against a phosphate mixture containing 0*8/15 g.-mol. 
of Na 2 HP0 4 and 0*2/15 g.-mol. of KH^PO* per litre of solution, at 0°. 

(4) Methods for the determination of the specific refraction increment of a 

protein . 

The specific refraction increment, a, is calculated from measurements of 
refraction and of the protein concentration as defined in formula (1): * 

[R'~R 8 ]/C~a .(1), 

R' ~ the refractive index of the protein solution. 

R 8 = the refractive index of the solvent, at the same temperature. 

C = g, of dry protein per 100 cc. of solution. 

This method of defining the concentration is of significance, for if the concen¬ 
tration is expressed in g. per 100 g. of water or per 100 g. of solution, the specific 
refraction increment is not a constant, but a variable which is a function of 
the protein concentration. 

The determinations of refraction were made by means of a Zeiss dipping- 
refractometer, which was immersed in the protein solution after the tempera¬ 
ture of the fluid had become constant within 0*1°. The refraction of water was 
measured first, in all experiments, followed by determinations of the refraction 
of the outer fluid R " and of the protein solution R In some experiments, the 
temperature of these solutions differed by 0*1° to 0*3° from the temperature 
of the water, and a correction was made of 0*02 refractometer scale division, 
or 0*0000078 in the refractive index, per 0*1°. The neglect of this correction 
would cause an error of 0*43 % in estimating the refraction difference R ' — R" 
for a 1 % protein solution. 

In our observations on aqueous solutions of serum-albumin, it was found 
advisable to make readings of the refractometer for a period of at least 15 
minutes. Solutions of albumin or of globulin containing salts usually gave 
accurate readings 1 or 2 minutes after the immersion of the refractometer in 
the beaker of solution. In the aqueous solutions, the refractometer readings 
in the first few minutes, before the boundary grows distinct, may be about 
0*2 unit below the final steady values. 

It should be observed that the temperature of the protein solution and of 
the control solution should agree within 0*1°; the absolute value of the tempera¬ 
ture is not of great importance, for Robertson has found that the value of a is 
independent of temperature, over a range of 20°. Our determinations of the 
value of a, at temperatures between 15° and 22°, agreed within the limits of 
experimental error, 

The following methods for the estimation of the protein concentration have 
been utilised in this work. For the purified solutions of serum-albumin, a 
known weight of the solution, contained in a platinum crucible, was dried to 
constant weight at 110° in a Lothar-Meyer air-oven. The weight of protein was 
calculated by deducting the weight of the ash. The concentration of the protein 
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was calculated from these measurements and from measurements of the density 
of the protein solution. 

For mixtures of albu mi n and phosphates this method is inaccurate, because 
the orthophosphates mayoe converted into pyrophosphates in the process of 
ashing. In such cases the protein concentration was calculated from Kjeldahl 
nitrogen determinations. The calculation depends upon an accurate deter¬ 
mination of the percentage of nitrogen in the protein, and in view of the dis¬ 
crepancies of about 2 % recorded by different workers, the nitrogen content 
has been redetermined on specially purified material as stated in Section 5. 


(5) The, nitrogen content of serum-albumin. 

The elementary analyses of serum-albumin recorded by different observers 
show a range of variation in the percentage of nitrogen which is considerably 
greater than the probable error of Kjeldahl determinations. Values which 
have been obtained are recorded in Table I. 


Table I. Percentage of nitrogen in serum-albumin. 


Author % nitrogen 

Dumas and Cahours * 15-7-16-5 

Brittener* 15-6 

Starke L1881] 16-04 

Michel [1896] 15-8-16-0 

Michel [1896] 15-6-15-8 

Maximowitsoh [1901] 15-9 

Goldschmidt and Kahn [1929] 15-9 

Piettre and Vila [1921] 15-1-15-2 


Method 


Washed with alcohol and ether 
Washed with alcohol and ether 
Dialysed against distilled water 
Dialysed against distilled water 
Washed with alcohol and ether 
Washed with acetone and ether 


* Cited by Michel. 


In this work, the percentage of nitrogen in horse serum-albumin was deter¬ 
mined by the following method. Solutions of crystalline albumin were dialysed 
under pressure against distilled water at 0° for periods of 9 to 21 days, glass- 
distilled water being used in the final stages. The density of the protein solution 
w r as then measured, and a known weight of the solution was dried to constant 
weight in a platinum crucible in a Lothar-Meyer air-oven at 110°. After the 
final weighing, the protein was ashed and the weight of ash was obtained. The 
nitrogen content of the solution was estimated by Kjeldahl determinations on 
aliquot portions. The results obtained are recorded in Table II. 


Table II. Percentage of nitrogen in horse serum-albumin, purified by 
crystallisation and dialysis. 



No. of 

No, of days 
dialysis 
against 

Protein 

Ash 

Nitrogen 

Preparation 

crystal¬ 

water at 

g. per 100 co. 

g. per 100 cc.' g. 

. per 100 cc. 

no. 

lisations 

0° 

solution 

solution 

protein 

31 

1 

9 

8-47 

0-0592 

15-54 

3-2 a 

1 

18 

7-06 

0-0372 

15-67 

3-2 6 

1 

18 

7-05 

00391 

15-51 

3-3 

1 

18 

3 11 

0-0142 

15-80 

4-0 

4 

10 

2-90 

0-0116 

15-54 

4-5 

4 

21 

3*57 

0-0097 

15*62 





Mean 

15-60 
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Our results agree therefore with those obtained by Michel [1896] and by 
Maximowitsch [1901] on protein purified by dialysis. 

As stated by Michel, further investigation is required to elucidate the cause 
of the discrepancy between the ratios of carbon and nitrogen in the materials 
purified by washing with alcohol and by dialysis. For the purpose of refracto- 
metric investigations, it seems desirable to adopt the figure obtained on dialysed 
protein, because the specific refraction increments calculated on the assumption 
that the protein concentration equals the nitrogen concentration multiplied by 

15 60 are ^ en com P ara ble with determinations on aqueous solutions of albumin, 
in which the protein content is determined by drying the solution to constant 
weight. 

(6) The refractions of aqueous solutions of crystalline horse serum-albumin. 

Measurements of the density, the refraction and the concentrations of 
solutions of horse serum-albumin purified by different methods are sum¬ 
marised in Table III. The ash content of the preparations ranged from 0*06 
to 0-01 %. In the preparation with the highest ash content, the correction 
for the refraction of the ash is less than 0*7 % of the refraction of the protein. 
It is not practicable to make an exact allowance for the refraction of the ash, 
and the true values of the corrections may be appreciably smaller than the 
figures given in Table III, which represent the maximum values rather than 
the most probable values. The ash must have contained traces of sodium and 
potassium phosphates, since these salts were used in order to displace am¬ 
monium compounds by substances which could be estimated at least approxi¬ 
mately by ash analysis. The maximum correction is obtained by assuming 
that the ash is entirely due to the potassium and sodium phosphates, in which 
case the refraction of the ash equals 0*00178 times its concentration. If it is 
assumed that the ash is carbonate, produced by the incineration of sodium or 
potassium salts of the protein, the correction is reduced. 

In comparing the refractions at protein concentrations from 3 to 8 % and 
at temperatures from 14*7° to 20*1°, it will be seen that the results confirm 
Robertson’s conclusion that the specific refraction increment a is independent 
of the protein concentration. * 

The most important point illustrated in Table III is the agreement of the 
values of a for preparations subjected to different degrees of purification. 
Young states that the rotation of once crystallised serum-albumin is different 
from that of material crystallised two or three times. The once crystallised 
material used in this work differed from Young’s preparation in that it was 
washed with the acetate buffer mixture referred to in Section 1, and dialysed 
in collodion membranes of an improved type. A certain amount of precipita¬ 
tion took place during dialysis, which indicates that once crystallised serum- 
albumin is contaminated with impurities which are insoluble when the inor¬ 
ganic salts are removed by dialysis in highly permeable membranes- 



SPECIFIC REFRACTION OF SERUM-PROTEINS 


999 


Since the results for material crystallised once and four times are in close 
agreement, it appears that under favourable conditions the stability of serum- 
albumin is great enough to justify recrystallisation. The agreement of the 
results for material dialysed for 10 to 21 days affords additional evidence in 
favour of the stability of the preparations. 


Table III. Refractions of aqueous solutions of horse serum-albumin . 


Reference no. 

HAM 

HA 3*2 a 

HA 3*2 b 

HA 3*3 

HA 4*0 

HA 4*5 

No. of crystallisations 

1 

1* 

1* 

1 

4 

4 

Dialysis time (days) 

9 

18 

18 

18 

10 

21 

Density (g. per ml.) 

1*0208 

1-0173 

1*0173 

1*0064 

1*0069 

1*0087 

Temp, of pyknometer 

20*1° 

18*2° 

18*2 

20*1° 

14*9> 

14 7 

Dry protein (g. per 
100 oo. solution) 

8-4734 

7*0594 

7*0547 

3-1053 

2*902 

3*5721 

Ash (g. per 100 cc. 
solution) 

0-0592 

0*0372 

0*0391 

0*0142 

0*0117 

0*0097 

Temp, of refract o- 
meter 

18-7° 

16*7° 

16*95° 

20*5° 

14*7° 

14*5° 

Refractive index of 
protein solution, 
minus refractive 
index of water 

0*015521 

0-013011 

0*012989 

0*005664 

0*005317 

0*006633 

Refraction due to 
ash 

0*000105 

0*000066 

0 000070 

0*000025 

0*000021 

0*000017 

Refraction due to 
protein 

0-015416 

0*012945 

0*012919 

0*006539 

0*005296 

0*006616 

o (average 
a 0 0018295) 

0*001819 

0*001834 

0*001831 

0*001816 

0*001825 

0*001852 

Percentage deviation 
(average = 0-41 %) 

0*575 

0*246 0*082 

* Treated with ether. 

0-0738 

0*245 

1-23 


The results of previous observers are summarised in Table IV for comparison 
with those obtained in this work. 


Table IV. Refractions of serum-albumin obtained by different workers. 


Author 
Reiss [1904] 

Robertson [1912] 

Rohrer [1922] 

Schorer [1913] 

Starlinger and Hart! [1925] 
Schretter [1926] 


Mean value 

Range 

Species 

Fraction 

0*00201 

— 

Horse 

Crystalline 

0*00183 

— 

Horse 

Non-crystalline 

0*00177 

— 

Ox 

Total 

0*00177 

0*00173-0*00180 

Human and ox 

Total 

0*00188 

0*00175-0*00198 

Human 

Total 

0-00166 

0*00137-0*00204 

Human 

Total 

0*00200 

0*00191-0*00212 

Human 

Total 


The range of vacation in the determinations of the specific refraction 
increments summarised in Table IV is considerably larger than the probable 
error of the measurements of the refractive index, but there are other sources 
of error which deserve consideration. The preparation used by Reiss was 
dialysed for many days at room temperature, and it may have contained the 
protein derivatives of low molecular weight referred to by Svedberg. The other 
determinations in Table IV refer to uncrystallised albumin, from pathological 
as well as from normal sera. The methods adopted by Robertson, Rohrer and 
Starlinger and Hartl have been criticised by Schretter. Schorer and Schretter 
calculated the protein concentration from nitrogen determinations; it is 
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probable that their calculations are based on St&rte’s determination that 
albumin contains 16 % of nitrogen. Guiliaumin, Wahl and Laurencin [1929] 
adopt the figure 15*27 rather than 16. In this work the value 15*60 has been 
adopted. If Schretter’s determination of a is recalculated on the assumption 
that the nitrogen content is 15-6 instead of 16 %, the result obtained is 0*00195. 
The experiments described below suggest that the difference between Schretter’s 
value for total albumin and the value for the crystalline fraction obtained in 
this work is due partly to the existence of a non-crystalline fraction with a 
higher value for a and partly to impurities. 

Sorensen [1925, 1] has stated that it is possible to separate crystalline 
serum-albumin into three fractions, characterised by differences in solubility. 
In one of our experiments, about half of the product was dissolved by washing 
with a diluted solution of ammonium sulphate, but this fractionation produced 
no appreciable change in specific refraction increment. 


(7) The refractions of solutions of sodium albuminate equilibrated with 

phosphate buffers . 


Serum-albumin in blood exists in the form of a sodium salt, and therefore 
it is desirable to supplement the measurements of the refraction of pure 
albumin with measurements of the refractions of albuminates. Preparations 
of albumin at the physiological hydrogen ion concentration were obtained by 
dialysis of the protein solutions against a standard phosphate buffer mixture, 
containing 0-8/15 g.-mol. of disodium phosphate plus 0-2/15 g.-mol. of 
potassium dihydrogen phosphate per litre of solution. The p H value of this 
solution is 7-38 at room temperature and 7*41 at 0°. 

The protein solutions were enclosed in osmometers and dialysis was con¬ 
tinued at 0° until the manometers gave constant pressures. The measurements 
of the refractive indices of the protein solution and of the dialysate were made 
at about 17-5°. 

The relationship between the refractive index and the concentration of the 

protein can be determined by the calculation of the empirical coefficient a! 

defined by formula 2: ^ ~ 

J R — R - a C .(2). 


ffl » the refractive index of the protein solution. 

R" « the refractive index of the dialysate. 

C ■* g. protein per 100 cc. solution, calculated from nitrogen determinations. 
a' an empirical coefficient* which may differ from the specific refraction 
increment a, on account of the unequal distribution of ions across the mem¬ 
brane. The mean values of a' and a are 0*00177 and 0*00183 respectively. 

The results summarised in Table V and in Fig. 1 shfiw that a! appears to 
have the same value for preparations from different sources and with different 
concentrations of the protein. Donnan’s formulae, referred to below, show 
that a* may be increased \bf an increase in the protein concentration* but 
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Table V. Refractions of different preparations of crystalline horse serum-albumin 
dialysed against a phosphate buffer (p# 7-4). In all these preparations the 
albumin was crystallised from solutions which had been extracted with purified 
ether to remove lipins. 


c 


No. 

g. protein 
per 100 
cc. solution 

a' 

refraction 

increment 

No. of 
crystal¬ 
lisations 

Source 

1 

1-72 

0-001757 

1 

Field labs, plasma 

2 

2-08 

0-001760 

1 

9 

1-07 

0-001798 

1 

Field labs, serum 

8 

2-47 

0*001742 

1 


7 

2*49 

0-001739 

1 

»» 

6 

3-54 

0-001816 

1 

tt 

5 

4-86 

0*001775 

1 


19 

1-48 

0-001752 

1 

Burroughs Wellcome serum 
>» »» 

18 

1-50 

04)01777 

1 

16 

2-83 

0-001 Ml 

1 

»» ft 

17 

2-99 

0*001753 

1 

tt tt 

41 

2-39 

0*001755 

4 

Knacker serum 

40 

3-84 

0-001770 

4 

»» 

39 

5*64 

0-001759 

4 


38 

6-65 

0-001769 

4 


37 

9*97 

0*001791 

4 

.. 



Protein concentration (g. per 100 cc. solution) 

Fig. 1. Refractive indices of protein solutions at 17-5°. 

Upper curve. Globulin, with 0-19 M KH«P0 4 plus 0 009 M Na 2 HP0 4 . 

, Middle curve. Albumin, with 0-0133 M KH a r0 4 plus 0-0533 M Na 2 HP0 4 . 

Lower curve. Albumin dialysed against distilled water. 

Hi© line© in Fig. 1 were calculated by the following empirical formulae, in which the first 
constant equals the refractive index of the dialysate, and the second represents the value of a' ora. 


►per curve 
ddle curve. 


Lower curve 


R^ 1-33639+ 0-0018150. 
R** 1-33488 + 0-001770. 

M » 1-33320 + 0 00182950. 
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within the range from 1 to 10 % of protein it appears that the variation is 
within the limits of the experimental error. 

The degree of constancy in the values of a' shows that it is possible to 
calculate the concentration o! the protein from measurements of the re¬ 
fractive index of the protein solution and of the dialysate by the application 
of formula (2). This calculation is independent of the theoretical interpretation 
of a . 

Schretter has pointed out that on account of the unequal distribution of 
ions across the membrane, it is not justifiable to assume that the refraction 
due to the protein can be calculated by subtracting the refractive index of the 
dialysate from the refractive index of the protein solution. He criticises the 
calculations of Rohrer [1922] which were based on the assumption that the 
concentration of salt is the same on both sides of the membrane. The error 
involved by the neglect of the salt distribution can be measured by comparing 
the values of a and a'. Under the conditions referred to in Table V, the dif¬ 
ference between a and a is about 3 %. The magnitude of the difference must 
depend upon the concentrations of hydrogen ions, of salts and of the 
protein. 

The results of one experiment may be given, to show that under certain 
conditions, the difference a and a must be relatively small. In this experiment, 
no. SA 43, a 10 % solution of sheep’s serum-albumin was equilibrated with 
an ammonium phosphate buffer mixture at p H 7-38 and 0°. The dialysate 
contained 0*115 g*-mol. of ammonia plus 0*0666 g.-mol. of phosphoric acid 
per litre. The protein solution contained 0*121 g.-mol. of ammonia plus 
0*058 g.-mol. of phosphoric acid, plus 100 g. of protein per litre of solution. 

The difference between the refractive indices of the dialysate and of water 
is equal to 0*00166 at 17*5°. The refraction of the ammonium phosphate inside 
the membrane must be approximately equal to 0*00166, multiplied by the 
distribution ratio, 0*058/0*0666, or 0*87. The total refraction due to inorganic 
ions must be greater than 0*0166 x 0*87, but it caujxOt exceed 0*00166 x 1*05, 
where 1*05 is the distribution ratio for ammonium ions. The difference between 
the refractive indices of the protein solution and of water is 0*02022, and by 
subtracting the maximum and minimum values for inorganic ions referred to 
* above, it appears that the refraction due to the pure protein lies between 
0*01848 and 0*01878. This conclusion was verified by a determination of a 
on an aqueous solution of sheep’s serum-albumin, which gave the value 
0*001856, or a refraction difference of 0*01856 for a 10 % solution. In this 
experiment, the value of tt! is almost exactly equal to the value of a . 

ta the case of the experiments referred to in Table V, in which the distribu¬ 
tion of ions was not determined by direct methods, approximate calculations 
of the concentrations of ions inside the membrane were made by a formula 
based on Donnan’s theory. 

Sum, - Setter (1 - vx). 10- 
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$mner a **d Pouter denote the molar concentrations of a diffusible ion in the 
protein solution and in the dialysate, x , the number of g. protein per cc. of 
solution, v is equal to the effective volume of 1 g. of the protein (according 
to Weber and Nachmannson [1929] v = 1 cc)., n = the valency of the ion, and 
E is the membrane potential in millivolts at 0°. In the case of a 1 % solution 
of serum-albumin, the membrane potential is about 0-32 millivolt. The degree 
of accuracy of the formula has been investigated in a previous paper [Adair, 
1928]. 

An approximate statement of the relationship between a and a can be 
obtained by applying Donnans equations for the distribution of ions across 
membranes, supplemented by the assumptions formulated in equation (3). 

R — R = (a + p) C + Ujj- (Kinner K 0 uter) + & Na (Nainner ~ Na 0 uter)* **(3). 

C — g. pure protein per 100 cc. of solution. 

j8 is a factor approximately equal to 0*00003, which represents the effect of 
the sodium or potassium combined with the protein at p H 7*4 (approxi¬ 
mately 0*00013 equivalents per g. protein). The factor /? was determined 
by comparing the refractions of aqueous solutions of the pure protein and 
of sodium proteinates. 

a K is an empirical coefficient, = 0*016, defined by a formula resembling equa¬ 
tion 1. 

K^ner =» the concentration of KH 2 P0 4 in the protein solution in g.-mols. per 
litre of solution. 

Kouter — the concentration of KH 2 P0 4 in g.-mols. in the dialysate. 

« Na is an empirical coefficient = 0*0279. 

Namner and Na ou ter refer to the concentrations of Na 2 HP0 4 . In the 
dialysate the molar concentrations of KH 2 P0 4 and Na 2 HP0 4 are equal to 
0*01333 and 0*05333 respectively. In the protein solution their concentrations 
are a function of the protein concentration. In the case of a 1 % solution 
(C = 1*0), the concentrations of KH 2 P0 4 and Na^HPC^ are approximately 
equal to 0*01303 and 0*05142 respectively. These figures are provisional 
estimates based on the application of Donnan’s formulae. 

The value of R f — R tf is equal to 0*0177 in the case of a 1 % solution, and 
by applying formula (3) to the experimental data given above, it is possible 
to calculate the value of a. The result obtained, 0*00180, is in fairly close agree¬ 
ment with the more accurate value 0*00183 obtained by direct measurement. 
This agreement is of significance in the determination of the specific refraction 
increment of globulin, in which it is necessary to rely upon indirect methods 
for the determination of the specific refraction increment. 

(8) The effects of purification processes on the refraction of sodium albuminates . 

In the previous section it has been shown that the refraction increment a, 
defined by formula (2), is a constant in the case of solutions of albumin which 
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have been purified by washing with ether. The measurements on material 
which has not been purified by ether, recorded in Table VI, show a wider 
range of variation. The mean value of a' for the once crystallised albumin is 
0*00183. The mean for twice crystallised and four times crystallised albumin is 
0*00180. Hopkins [1900] and Young [1922] have observed that crystals of 
serum-albumin are associated with lipins, and it is not improbable that the 
value 0*00183, which exceeds by 3*3 % the refraction of the protein purified 
by ether, is due to the association of the protein with traces .of lipins. The 
observations on protein crystallised four times agree better among themselves, 
and the average value 0*00180 is closer to 0*00177, the result for material 
treated with ether. Theoretically, the use of ether may be open to objection 
on the ground that it may alter the properties of the protein, but the results 
recorded above indicate that its use is justifiable. 

Table VI. Refractions of different preparations of crystalline horse serum-albumin 
dialysed against phosphate buffer at p# 7-4. The preparations differ from those 
in Table V in that the solutions were not treated urith ether . 


No. 

C 

g. protein 
per 100 eo. 
solution 

a 

refraction 

increment 

No. of 
crystal¬ 
lisations 

Source 

13 

1*94 

0*00184 

1 

Burroughs Wellcome serum 

12 

2*19 

0*00184 

1 

»» ** 

15 a 

3*66 

0*001842 

1 


14 

4*64 

0*001775 

1 

»» ,» 

21 a 

1*96 

0*00184 

1 


22 a 

1-97 

0*00179 

1 


20 

3*62 

0*001816 

1 

» >» 

35 

2*44 

0*001821 

1 


34 

4*61 

0 001823 

1 


33 

6*60 

0*001872 

1 

” * ” 

36 

7*41 

0001843 

1 


32 

9*14 

0*001845 

1 

tr 

23 

2*05 

0*00177 

2 


24 

1*86 

0*001795 

4 


25 

1*96 

0001812 

4 


27 

3*81 

0*001804 

4 


26 

3*87 

0*001813 

4 


28 

1*58 

0*001812 

4 


29 

1*60 

0*001820 

4 


30 

2*82 

0*001784 

4 


31 

3*13 

0*001809 

4 

H »» 


(9) The refraction of uncrystallised albumins from horse serum and sheep 

serum . 

The mother-liquor from two preparations of albumin crystals was dialysed 
against the phosphate buffer mixture defined in section (3), The value of a' 
for the first preparation was 0*001821. In the second preparation, the mean 
value of a! was 0*00188, a figure which is 6*2 % greater than the refraction 
increment of the crystallised albumin. Since a part of the proteinin the mother- 
liquor must be crystalline mlbumin remaining in solution, it may be inferred 
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that the mother-liquor contains a protein with a refraction increment greater 
than 0*00188. 

One experiment was made on albumin from sheep’s plasma. The globulin 
was removed by half-saturation with ammonium sulphate and acetic acid was 
added. The albumin formed an amorphous precipitate instead of the crystals 
which appear when horse serum is used. The precipitate was redissolved and 
reprecipitated and then dialysed against distilled water. The specific refraction 
increment a, defined by formula (1), was 0*00185. The protein concentration 
in this experiment was calculated from nitrogen determinations. Within the 
limits of experimental error, this agrees with the results for crystalline horse 
serum-albumin recorded in Table IV. 

Sheep serum, like horse serum, may contain substances with a higher 
refraction than the protein crystallised or precipitated by acid, for the total 
albumin in one preparation gave a value of 0*00194 fora', the refraction against 
a phosphate mixture. This preparation was not treated with ether, and there¬ 
fore an appreciable fraction of the refraction increment may be due to lipins. 


(10) The refractions of isoelectric globulins and of sodium globulinates 
equilibrated with phosphate buffers. 

Direct determinations of the specific refraction increment for globulin have 
been made by Robertson and other workers, who have precipitated globulin 
by dilution or dialysis and redissolved the precipitated globulin by the addition 
of electrolytes. Robertson worked with very dilute solutions, as the opalescence 
of his preparations made it impossible to determine the refractive indices in 
concentrated solutions. 

Preliminary experiments made in this work indicated that clear solutions 
of globulin could be obtained from material precipitated by ammonium sulphate 
and purified by dialysis against standard phosphate mixtures. The coefficient 
a f can be determined directly by measuring the refractive indices of the protein 
solution and the dialysate, and the value of a can then be calculated by 
formula (3), which allows for the effects of the unequal distribution of 
ions. 

Svedberg and Sjogren [1928] state that globulin is an unstable substance, 
rapidly decomposed during the processes of fractionation into “euglobulin'’ 
and “pseudoglobulin.” In order to minimise the risk of error due to decom¬ 
position of the protein, a rapid method of preparation was adopted in this 
work. The precipitate of globulin obtained by the addition of an equal volume 
of saturated ammonium sulphate to normal horse serum was separated by 
centrifuging. It was purified by the addition of water and reprecipitation with 
ammonium sulphate not more than three or four times, then cooled to 0° and 
dialysed in collodion membranes against standard phosphate mixtures. The 
protein appears to be fairly stable at 0°, because the values of a for different 
preparations dialysed for different periods are in close agreement. 
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Table VII. Nitrogen content of horse serum-globulin. 


No. 
G 7 
G 16 
G 17 
G 18 
G 21 


c 

g. dry protein 

g. nitrogen per 100 g. 

per 100 cc. 

dry protein 

3*162 

15*24,15*19 

12*069 

15*05, 15*06, 15-00 

7*96 

15-07, 15*06,15*06 

5*94 

15 22, 15*24 

10*421 

15*16,15 18 


Difference, Befmo¬ 
tive index protein 
solution minus 
dialysate 
0*00582 
0 02219 
001452 
001086 
0*01909 


a! calculated from 
dry weight 
determinations 
0-00184 
000184 
0-00183 
0*00183 
0-00183 


In five experiments, given in Table VII, the protein concentration C in 
g. dry protein per 100 cc. of solution was determined by the method of Devoto, 
as described by Hopkins and by Young. The removal of the last traces of 
sulphate from the heat-coagulated protein may require 10 days’ washing in 
distilled water. For most of the time the material was kept at 0°. The nitrogen 
content of these solutions was determined by Kjeldahl’s method and the 
percentages of nitrogen in the dry protein are given in Table VII. The 
mean value obtained for total globulin is 15-13 g. nitrogen per 100 g. dry 
protein. 

Table VII gives the values of a' calculated from the dry weight determina¬ 
tions and measurements of refractive indices of solutions of globulins equili¬ 
brated with a mixture containing 0-19 g.-mol. of KH g P0 4 plus 0-009 g.-mol. 
of Na-jHPO^ per litre of solution. The p H of this solution, 5-35, is in the iso¬ 
electric region. 


Table VIII. The refractions of globulin from horse serum equilibrated 
with phosphate buffer p H 5-35. 


No. 

C 

ct' 

No. 

C * 

a 

1 

3*30 

0*001813 

11 

7*74 

0*001817 

2 

3*39 

0*001803 

16 

12-00 

0*001848 

3 

4*02 

0*001828 

17 

7*93 

0*001832 

6 

5*33 

0*001796 

18 

5*98 

0*001817 

7 

16-98 

0-001827 

19 

3*92 

0-001825 

8 

15-91 

0*001826 

20 

4*01 

0-001805 

9 

11-92 

0-001762 

21 

10*45 

0 001828 

10 

9*84 

0*001797 

22 

2*43 

0 001813 


In the experiments summarised in Table VIII the values of a' have been 
calculated from nitrogen determinations. 

The mean value of a' for the isoelectric protein is equal to 0*001815. 
According to Donnan’s theory, the concentration of the diffusible ions should 
be the same on both sides of the membrane at the isoelectric ppint. It is, 
howfver, necessary to make a correction for the volume of the protein. In 
the case of an ideal solution of an isoelectric protein, the correction can be 
made by the following formula! 

JL * a' — a ~ 0-01vj ( R" — 
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= the volume occupied by 1 g. protein, plus the volume of its water of 
hydration. According to Weber and Nachmannson [1929], the effective 
volume of 1 g. globulin is 1*3 cc. 

R" = 1-33639 at 17-5°. 

R Hi0 = 1-33320 at 17-5°. 

In a 1 % solution of the protein the concentration of the difEusible salts 
is diminished by 1-3 %. By applying the formula given above, it appears 
that a = a' + 0-000041 = 0-001857. 

In addition to the measurements of the isoelectric point, observations have 
been made on globulin equilibrated with the phosphate mixture used in the 
work on albumin, as stated in Table IX. 

The mean value of a' for this medium is 0-00181. If it is assumed that the 
difference between a and a' for globulin is the same as that observed for 
albumin (0-00006) it follows that a = 0-00187. 

Table IX. The specific refraction, increments of globulin from horse serum and 
sheep serum , equilibrated with phosphate buffer mixture. 15 M Na 2 HP0 4 plus 

u MKHXO P h 74. 


g. protein 
per 100 oc. 


No. 

solution 

a 

Species 


Notes 

100 

7* SO 

000178 

Sheep 


— 

101 

1400 

000180 

Sheep 


— 

G 4 

2 75 

000182 

Horae 

Serum treated with ether 

Gr 5 

2*72 

0-00181 

Horse 

Serum treated with ether 

G 24 

1*64 

0-00181 

Horse 

Stored 8 months 

Table X. 

Determinations of the specific refraction increment of globulin , 





Mean re¬ 


Author 

Range 

Mean 

calculated 

Species 

Reiss 

... ... 

— 

0-0023 

— 

Horse 

Robertson 

... ... 

— 

0-00229 

— 

Ox 

Rohrer 

... ... 

0-00172-0-00180 

0*00177 

— 

Human and ox 

Schorer 


0-0023 -0-0027 

0-00245 

0-00232* 

Human 

Starlinger and Hart! 

0-00214-0-00312 

0-00265 

— 

Human 

Schretter 

... 

0-00206-0-00234 

0-00219 

0-00208* 

Human 

Adair and Robinson 

0*00180-0*00189 

0-00180 

— 

Horse 


* These recalculations have been made because it is probable that Schorer and Schretter used 
Hammarsten’s estimate that globulin contains 16 % of nitrogen m calculating the protein con¬ 
centrations from Kjeldahl determinations. The value found in this work is 1513 %. 

(11) The theoretical significance of the specific refraction increment of a protein. 

An approximate statement can be made of tlie theoretical correlation of 
the specific refraction increment and the refractive index of the pure protein. 
The refractive index has been computed by Robertson [1918], whose formula 
k based on the assumption that Gladstone’s formula [Gladstone and Dale, 
1863} for the refractions of mixtures is applicable to protein solutions, and 
that the specific volume of a dilute protein solution is equal to unity. 
Gladstone’s formula is 

(R— l)v*s (Rp — 1)^+ (R a — 1)^(1 — x). 
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JF?, R P and R s denote the refractive indices of the solution, the pure protein 
and the solvent. 

v t v p and v 9 denote the specific volumes of the solution, the protein, and 
the pure solvent. 

x *= g. of protein per g. of solution. 

Robertson’s assumption that v = 1*0 leads to the conclusion that 
a ~ 0*01 (R P v P — v P ~~ R 8 4 - 1 ). 

A more accurate formula, numbered (4) below, can be obtained by assuming 
that the specific volume of the solution is equal to xv P 4- (1 — rr) v 8 > Glad¬ 
stone’s formula is then equivalent to the following simple expression: 


R - R $ ~0-01Cv,(R 9 -M § ) .(4). 

C = g. solute per 100 cc. of solution = x x 100/v. 

If it is assumed that the solute is combined with g g. of water per g. of 
dry material, the formula requires modification 

R - Rs - O'Olc (1 + g) V (Rf -R 8 ) .(5). 


R p ' = refractive index of hydrated solute of specific volume v p \ 

C-g. anhydrous solute per 100 cc. of solution. 

According to the data of Sorensen [1925, 2], g = 0*303 for serum-albumin 
and 0*343 for serum-globulin. 

By applying formula (5) to the values of a for albumin and globulin, 
0*00183 and 0*00186 respectively, it appears that the refractive indices of the 
pure protein hydrates are approximately 1*514 and 1*511. These figures are 
approximations, because it is not yet possible to make allowances for solution- 
contraction volumes and for alterations in the refractivity of water [Fajans, 
1927]. In the case of inorganic salts, the refractive index calculated from 
observations on solutions may differ by more than 3 % from the refractive 
index of the crystalline solid. 

It is possible that the water of hydration in the protein crystals differs 
according to the composition of the mother-liquor, and the refractive indices 
of the crystals should show corresponding variations. 

(12) The specific refractivity of amino-acids and proteins . 

Gladstone and Dale define the specific refractivity of a substance by the 
formula {R P — 1) v p . An alternative definition, based on the formula of 
Lorentz and Lorenz, has been used by Briihl [1891], but the simpler equation 
of Gladstone and Dale is sufficient for the purpose of this work. The materials 
required for the calculations of the specific refractions of certain amino-acids 
are given in Table XI, The values of a have been calculated for com¬ 
parison with the values of a given for the proteins. It was observed that the 
amino-acids differ from the proteins in that a is not a constant, but tends to 
increase as the degree of dilution is increased, A similar increase takes place 
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ments of tlieir refractive indices, and it has been found That' Tn# specniJ 
refraction increment is a constant, unaffected by recrystallisation. In aqueous 
solutions the specific refraction increment of crystalline serum-albumin is 
0-00183. 

3. The refractive indices of solutions of alkali albuminates, equilibrated 
with phosphate buffers, have been measured and represented by a simple 
empirical formula, which can be used for calculations of the protein concentra¬ 
tion from refractometric measurements. A calculation of the specific refraction 
increment of the protein from measurements of the refractive indices of the 
solution and the dialysate has been made by the application of Donnan’s 
theory of membrane equilibrium. 

4. The specific refraction increments of the uncrystallised fractions of 
albumin are larger than 0-00183. 

5. The preparation of clear solutions of horse serum-globulin is described. 
The nitrogen content of total globulin has been redetermined as 15-13 %. The 
refractive indices of solutions of isoelectric and of alkaline globulins equili¬ 
brated with phosphate buffers have been measured and the specific refraction 
increment of the protein calculated, after making corrections for the effects 
due to the unequal distribution of ions. The mean value obtained for total 
globulin is 0-00186. 

6. Preliminary determinations indicate that the specific refraction incre¬ 
ments of both albumin and globulin prepared from sheep's serum are approxi¬ 
mately equal to 0*00185. 

7. Measurements have been, made of the refractive indices of solutions of 
four amino-acids, namely, glycine, alanine, valine and tryptophan. 

8. The theoretical significance of the specific refraction increment of a 
protein is discussed. 

One of us (G. S. A.) is specially indebted to Sir F. G. Hopkins for permission 
to work in the Biochemical Laboratory, Cambridge, and to the Provost and 
Fellows of King’s College, Cambridge, for a grant from the Stringer Fund. 
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